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TIME FOR ACTION-OR ELSE! 


Ruthless Depression has had many a school laboratory "down for the count" of six long 
years . . . sluggish years in which the devitalizing forces of dwindled equipment have 
been actively at work retarding the rightful progress of students and instructors alike. 
This irreparable damage is enough to cause serious alarm and prod into action those 
who are at the helm of this vital branch of learning. Whether or not your laboratory 
felt the full force of depression's blow, you cannot afford to overlook the reviving and 
progressive merits of new, up-to-date apparatus and supplies. The depression—unwel- 
come as it has been—has taught shrewd science instructors that the suppression of lab- 
oratory wants and needs is not a virtuous conservation of funds. For, these things rep- 
resent far greater security to the instructor, 

to the student and to the school than their § Cl ENCE LABOERATORY EQUIPM ENT 
equal in cash in the bank. Accordingly, you  @ 

owe it to yourself to reach for your Milvay 

Catalog. It gives you compactly and sys- TI 

tematically summarized, the complete line 

of Milvay values and you can depend on 
it as your sole source of supply. 


CHICAGO APPARATUS COMPANY 
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By I. J. Wernert 
DEPARTMENT OF CHEMISTRY, 


When proper care is taken in advance, prac- 
tically all laboratory accidents are avoidable. 
They need not happen. They must not! 


Industry has learned its lesson. Schools should 
do likewise. Professor Wernert has had experi- 
ence in commercial as well as in teaching labora- 
tories. He knows whereof he speaks when he 
says safety is preferable to first aid. 


This carefully written article may save lives. 


A splendid article, “And Sudden Death,” which has 
recently been published on the need of safety in the 
driving of motor vehicles, is familiar to nearly every- 
one and has provided one type of model for all safety 
discussions. It would not be inappropriate to follow 
this model and to devote an entire paper on safety in 
chemical laboratories to a description of the tragic re- 
sults which follow when experiments, such as are car- 
ried out every year in high school courses, are con- 
ducted with a disregard for a few simple safety regu- 
lations. Such a description would not make pleasant 
reading unless one considers it pleasant to read about 
bloody fingers and painful burns or blinded eyes, not 
to mention serious infections developing from minor 
accidents considered “too small to bother with.” 


Regardless of whether it is pleasant reading or not, 
accidents which could be easily prevented do happen 
both in high school and college laboratories and some- 
times end with dreadful results. Among others, the 
writer has seen the permanently blinded victim of an 
explosion which occurred when a can of sodium was 
accidentally pushed into a sink, and he has seen a stu- 
dent carried to an ambulance after his lungs had been 
bathed in bromine vapor and his body had been horribly 
burned by the liquid. A continuation of this topic 
might have the highly undesirable effect of securing 
safety in the wrong way, namely, by discouraging fur- 
ther work in the laboratory. 

Chemistry is an experimental science and it is gen- 
erally agreed that it can best be taught with the aid of 
well chosen experiments carried out by the students 
themselves. Unfortunately, it does not appear to be 
so well agreed that these experiments can and must be 
carried out safely. 

E. C. Buxbaum, however, in commenting on safety 
(J. Chem. Educ., 11, 73, 1934), writes: 

“Accidents in the chemical laboratory are as avoid- 
able as other accidents are. The few times when acci- 
dents are due to wholly unforseen causes which might 
be classified as “Acts of God” are no more numerous 
than in any other profession. The accidents which oc- 
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Safety in the Chemieal Laboratory 


cur in chemical laboratories are, almost without excep- 
tion, avoidable with care.” 


A chemistry laboratory is admittedly a_ potential 
source of accidents and the ideal of 100% safety is 
never reached for more or less obvious reasons. This 
does not in any way excuse the present laxness existing 
in many high schools and colleges. 


There is a great deal of difference between the teach- 
ing point of view and that of industry toward safety. 
The teaching attitude of “it hasn’t happened yet” would 
not be tolerated in an industrial laboratory where an 
accident means not only lost time but the possibility of 
a heavy damage suit in addition. Frederic Walker well 
expressed the industrial point of view (J. Chem. Educ. 
11, 506, 1934), when he wrote: 

“Industry has learned the lesson of safety at the 
price of bitter experience and demands today that its 
chemists be safe workers.—An industrial chemist must 
know the safety rules and follow them. If he cannot 
do these things his employers cannot afford the risk 
of retaining his services.” 


The attitude of industry ought to be carried over and 
applied to laboratory teaching in universities and in 
high schools where it should have been fostered in the 
first place. Although it is recognized that damage to 
limb or eyesight cannot be measured in terms of eco- 
nomics alone, occasional damage suits (two of which are 
reported in J. Chem. Educ. 10, 552, 1933), should im- 
press teachers with the seriousness of accidents from a 
purely financial point of view. In both of these cases, 
high school pupils received awards of $16,000 for the 
loss of an eye. A remark made by one of the attor- 
neys to the effect that “it is better to leave a boy un- 
educated than it is to blind him” deserves the utmost 
consideration of every teacher in chemistry. 


A complete discussion of possible unsafe practices in 
high school chemical laboratories would be almost an 
impossible task. There is no substitute for good judg- 
ment and common sense on the part of the teacher. 
Each experiment has its own set of dangers and should 
be analyzed from the standpoint of safety before giving 
it to the class. There are, however, several important 
topics of a general nature which deserve attention. 


One of the problems which confronts every high 
school teacher of chemistry is that of fire. The lab- 
oratory should be equipped not only with a fire ex- 
tinguisher but also with a shower bath and a wool blan- 
ket folded so that it may be completely opened with 
one jerk. In practice, it is sometimes difficult to secure 
both of the latter facilities but no laboratory should be 
operated without the protection of either one or the 
other. The instructor should insist that the burners be 
operated at reasonable heights not only because of good 
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technique but also because of the fire hazards involved. 
Most high school courses are not concerned with many 
organic chemicals but occasional class experiments deal- 
ing with benzene, the very inflammable carbon disulfide 
or ether, and other similar compounds deserve special 
precautions. It might be well to point out in this con- 
nection that small fires on chemical apparatus may be 
easily extinguished by means of a rag or towel pushed 
down on the apparatus so as to exclude air. 


Burns from acids are dangerous and should be pre- 
vented. A source of ever present worry to the consci- 
entious teacher is concentrated sulfuric acid which has 
such a high affinity for water that it extracts it from 
organic tissues of the body with which it comes in con- 
tact, thereby producing slow healing and painful le- 
sions. It is wise to supply high school pupils with 
dilute acid unless the experiment requires the concen- 
trated form. Too much emphasis cannot be placed on 
the fact that concentrated sulfuric acid may be diluted 
safely only by slowly adding the acid to water. The 
writer’s attention has been called to an accident which 
occurred with the loss of both eyes when the opposite 
method was employed. If sulfuric acid is diluted by 
the student, it should be prepared only after very care- 
ful directions have been issued by the instructor im- 
mediately prior to the act. Nitric acid, although usu- 
ally not as troublesome as sulfuric acid, eventually 
causes the skin to peel and sometimes opens the way to 
infection. The corrosive action of hydrofluoric acid 
is frequently accompanied by little pain until it has 
penetrated deeply. This acid should not be handled 
by high school pupils. Hydrochloric acid and dilute 
acetic acid require no extraordinary technique in their 
use and are comparatively safe, but contact of the skin 
with all concentrated acids should be avoided. 


Caustic burns are less common than acid burns but 
may be severe. A solution of alkali usually does more 
damage to wool clothing than to anything else unless it 
comes in contact with the eye. Metallic sodium, however, 
combines the qualities of a super-alkali with its own 
explosive action on water and should be issued to high 
school pupils, if at all, in quantities not exceeding the 
size of a pea. The stock of sodium itself should be kept 
in a closed container covered with kerosene, out of pos- 
sible contact with water, and should be inaccessible to 
anyone but the instructor. 

All acid and alkali burns, if they do occur, should be 
thoroughly flushed with plenty of water. Speed is es- 
sential when an eye is involved. There is no time to 
be wasted on eye cups or other specialized equipment. A 
wash bottle may be conveniently used if it is handy but 
water dashed in the eye from a beaker will accomplish 
the same end. It is permissible to treat alkali burns 
with a solution of boric acid and acid burns with sodium 
bicarbonate solution, but only after they have been well 
washed with water. All chemical burns require ban- 
daging and preferably should be treated by a competent 
physician. 

Undoubtedly the greatest source of minor accidents 
is found in the faulty manipulation of glass tubing. 
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Simple rules should be formulated and the instructo) 
should insist that the pupils follow them implicitly. Fo, 
example, such rules should include the following: 


Fire polish the ends of all tubing. 

Have bore of stopper sufficiently large for the size 
of the tubing. 

Use water, or soap and water on the tubing as a: 
aid to inserting it into the stopper. 

Grasp the tubing close to the end to be inserted. 
Twist the tubing as it is gently forced through the 
stopper. 

It is advisable to have a pair of cotton gloves avail- 
able to be used in cleaning up broken glass. All glass 
cuts should be carefully inspected to make sure there is 
no glass in the wound before applying bandages. Un- 
fortunately a first-aid kit to take care of small injuries 
arising from broken glass and other similar causes, is 
necessary in many high schools where a nurse is not 
immediately available. The dressing and disinfectants 
contained in such a kit as well as their uses are fam- 
iliar to everyone but it should be pointed out that even 
minor injuries deserve skilled attention and more seri- 
ous ones must have it. It is hardly necessary to men- 
tion that painful burns are often caused through hand- 
ling hot bends, ete., because the instructor usually bears 
the brunt of this attack. As a matter of self defense, 
the writer has found it necessary to mentally tie his 
hands behind his back while inspecting the results of 
efforts made to bend glass which will meet with his 
approval. 

Eternal vigilance should be the watchword of every 
teacher in the laboratory. It is really surprising to 
read the average manual and note the few safety 
precautions which it contains. Many texts do not warn 
against the poisonous properties of hydrogen sulfide 
when prepared even in small quantities without the 
benefit of a hood and in a room lacking in ventilation. 
Few books suggest that the manganese dioxide used as 
a catalyst in the preparation of oxygen from potassium 
chlorate should be tested for organic matter by heating 
small quantities of it with the chlorate before giving it 
to the class. Some manuals even fail to mention that 
hydrogen generators should be wrapped with a towel 
in order to eliminate danger from flying glass and acid 
in the event of an explosion. The vigilant instructor will 
supply safety rules of this sort and provide proper pen- 
alties to insure their observance. It should be pointed 
out in this connection that even the simplest of instruc- 
tions whether written or oral are subject to misunder- 
standing on the part of the student. In an actual case, 
for example, a pupil was attempting to follow direc- 
tion in the preparation of sodium hydroxide solution 
and was stopped by the teacher as he was about to add 
forty grams of sodium to an appropriate quantity of 
water. The careful instructor in the high school will 
see that very dangerous chemicals such as arsenic, 


cyanides, yellow phosphorus and the already men- 
tioned metallic sodium are either among the missing or 
are under lock and key. 


Continued on Page Fifty-sic 
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A Mendel Relie Comes to America 


By Samuel W. Fernberger. (University of Pennsylvania) 


PROFESSOR OF PSYCHOLOGY, UNIVERSITY OF PENNSYLVANIA 


When an American university receives for its 
museum a valuable Mendel relic, it is news. 
The story of how it came here is a most interest- 
ing one. 

Professor Fernberger’s sketch of Mendel’s life, 
his home and his researches will appeal to every 
worker in science. 

It is inspiring to read of a research of the first 
magnitude accomplished as was Mendel’s without 
extensive libraries, laboratories, apparatus and 
equipment, 


On February 15, 1936, the author had the honor to 
present a specimen from the herbarium of P. Gregor 
Mendel to the University of Pennsylvania in the name 
of the Augustinian Monastery of St. Thomas in Brno, 
Czechoslovakia. This specimen consists of a part of a 
plant of the edible pea—with stem, a few leaves and 
some flowers. This plant was saved by Mendel, as a 
type specimen, in his famous experiments by which he 
formulated the ratios of inheritance of characteristics 
in hybrid breeding. These experiments and their re- 
sults are so well known that it is almost commonplace 
to state that they have become the basis of the new sci- 
ence of Genetics and that they were necessary to give 
meaning to the theory of evolution as ex- 
pounded by Darwin. 


An examination of the photograph of S| 
this Pennsylvania specimen indicates 


that’ the plant shows signs of wear and 
tear. The methods of preserving botan- 
ical specimens were not as advanced in 
the 1860's as they are today. Consider- 
ing that this dried plant is over 70 years 
old, it is surprising that it is in as good 
a state of preservation as it is at present. 
One cannot say with assurance to which 
of the seven experiments this specimen 
belongs. From its size—if this is most 
of the plant-—it may have come from 
Mendel’s experiments with inheri- 
tance of plant stature and, in this case, 
this specimen would have been preserved 


as an example of dwarf stature. On the Nae 


other hand, it may have been preserved . 


as a type of experiments which had to do 
with the inheritance of the position of 


Benjamin Rush, glass from the laboratory of Louis 
Pasteur, and many other objects of scientific association. 

My acquiring of this specimen for the University of 
Pennsylvania may not be without some interest. Nearly 
five years ago, I visited my very good friend and for- 
mer teacher, Dr. Frederick M. Urban, who was for- 
merly professor of psychology at the University of 
Pennsylvania and under whom I did much of my grad- 
uate work. He now resides in the city of Brno, Czecho- 
slovakia, which was called by its German name of 
Briinn before the war when it was included in the 
Austro-Hungarian Empire. Today Briinn (Brno) is 
the second largest town in the Czechoslovakian Repub- 
lic. It is near Austerlitz and, indeed, after his success 
in the Battle of Austerlitz Napoleon slept that night in 
Brinn. 

Near the center of the town is an isolated hill called 
the Spielberg on which are extensive fortifications used, 
until shortly before the war, as a prison for political 
prisoners. The old town, still called Alt-Briinn, lies 
at the foot of this fortified hill. Near the foot of the 
Spielberg lie the church and buildings of the Augustin- 
ian Monastery of St. Thomas. As can be seen from 
the photograph, both are of strong, simple and very 
beautiful architecture. The cloister is built in the form 
of a hollow quadrilateral inside of which is a garden. 
It is part of this garden which was set aside for Men- 
del’s use for his experiments. The act- 
ual garden space available is surpris- 
ingly small. 

Johann Mendel was born July 22, 1822, 
in the corner of Moravia close to where 
the present German, Polish and Czecho- 
slovakian frontiers come together. After 
schooling near his place of birth, he was 
accepted as a novice in the St. Thomas 
Cloister in 1843—at which time he as- 
sumed the name of Gregor—and in 1847 
he was ordained a priest. For several 
years he acted as parish priest but 
turned then to study and teaching which 
occupied him until, in 1868, he was 
elected Abbot and Prelate of the St. 
Thomas Monastery. During the years 
1851-1853 he was a student at the Uni- 
versity of Vienna. 

Mendel’s interests ran in the direction 
of what was then called Natural Science 
which included physics, chemistry, zool- 
ogy, botany, geology and what not be- 


revoril Mendel. 


flowers on the stem. 

This specimen of Mendel’s work has sides. Mendel’s particular interests were 
become a notable addition to the histori- den pea saved by Mendel as a primarily in the field of botany and agri- 
cal-seientifie collections at the University i" cross-breeding culture but he was also interested in as- 
of Pennsylvania which contain many ob- stem, leaves and flowers and _ is tronomy and in meteorology. He pub- 
lished one paper on sun spots and for 


‘ authenticated by the seal of the 
jects used by Benjamin Franklin, and Monastery. 


THIRTY-SEVEN 


6 
* 


many years, contributed daily observations from his 
own meteorological station in Briinn. 

When Mendel came to St. Thomas Monastery, he 
found an atmosphere congenial to his tastes and inter- 
ests. For many years there had been a tradition of 
interest in science and art. Prelate Napp, who was 
then Abbot, encouraged the young Mendel in his studies 
and his experiments, making available time, space and 
materials for their furtherance, and sending Mendel 
to Vienna for study when it became obvious that more 
formal study was needed. 

Mendel’s active research period was from 1856 to 
1871 and he was engaged in plant breeding experiments 
during this entire period. The work on the inheritance 
of seven pairs of characteristics was completed by 1866. 
The results of these ten years of experimentation were 
incorporated in a paper read before the Briinn Society 
for the study of Natural Science. No member of the 
Society seemed particularly interested in the results, 
probably because no one really understood the real sig- 
nificance of Mendel’s report. There is a record that 
about 120 copies of the Proceedings of the Society were 
sent as exchanges to other societies, scientific academies 
and universities and that Mendel himself was given 
approximately 40 reprints of his paper. 

Thus the paper received a fairly widespread notice 
for that day, but again no one seemed interested in 
Mendel’s results even though the paper must have been 
read by a number of individuals interested in problems 
of hybridism. In spite of this failure to interest his 
botanical colleagues, Mendel continued his experiments. 
On the advice of a botanist, Carl von Nigeli, Mendel 
switched in 1867 from the utilization of the edible pea 

which was a most suitable plant for his purpose—to 
the hawkweed—which turned out to be a highly unsuit- 
able plant. The result was that his last four years of 
research were extremely unproductive. In 1871 Men- 
del’s duties as Abbot became so burdensome that he 
was forced to stop his experiments entirely. Heavy 
monastic duties apparently hastened his end so that 
Mendel died in 1884 when only 62 years of age. 

Mendel’s fame as a scientist rests upon his 1866 pa- 
per. We have already noted that its reception was cold 
within the Society at which it was read. Also there 
Was no apparent interest on the part of botanists 
throughout the world who may have seen it. As a re- 
sult it was completely forgotten—‘buried” as a paper 
may so easily be when printed in the Proceedings of a 
small and unimportant Society unless it gets immediate 
notice elsewhere. In the last years of the 19th century 
a Dutch botanist, Hugo de Vries, was working on the 
inheritance of characteristics of hybridism when he 
ran across Mendel’s 1866 paper. From that time on de 
Vries’ work became largely a verification of Mendel’s 
published ratios which he found to be completely cor- 
rect. Because of this earlier work, de Vries in a paper 
published in 1900, named these findings the Mendelian 
Laws of Inheritance. 

Thus not until 34 years after publication and 16 
years after his death, did Mendel gain the recognition 
which was his due. Today his name is honored wher- 
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ever there is knowledge of or interest in problems of 
genetics. He has become honored in his town of Briinn 
both within and without the Monastery in which h 
spent so many years. In the public square facing th: 
Monastery of St. Thomas, a statue of Mendel has been 
erected. This depicts him in his ecclesiastical robes but 
bare headed. Within the garden in which his experi 
ments were performed has been erected a monument 
which tells in four languages—Czech, German, French 
and English—that it was here that Mendel worked out 
his genetic law. 

Within the Monastery buildings, Mendel’s private 
rooms have been set aside as a museum. Here have 
been collected all of the possessions and materials con 
nected with him and his work. One can see his por 
trait painted when he was Abbot and Prelate, his mi 
croscope and telescope, letters both private and scien- 
tific, photographs, copies of all of his published papers 
and the like. Most unfortunately, practically all of his 
scientific note books were destroyed shortly after his 
death—apparently by his own orders. 

When I visited this Museum five years ago, I was 
most impressed to find that some of the actual speci- 
mens of the plants raised in his experiments had been 
preserved and were to be seen under glass. During a 
visit to Briinn last summer, I suggested to Dr. Urban 
what a fine thing it would be if a specimen plant could 
be procured for the collections at the University of 
Pennsylvania. Dr. Urban’s brother, Mr. Eduard Ur- 
ban, also a prominent citizen of Briinn, volunteered to 
approach the Fathers to see if a specimen could be ob- 
tained. He discovered that only six duplicate speci- 
mens had been preserved; that a rule had been made 
that only duplicate specimens could ever leave the Mon- 
astery and that three of these six duplicate specimens 
had already been given away. Mr. Urban so well pre- 
sented the case of the University of Pennsylvania that 
the Fathers consented to part with this fourth duplicate 
specimen. It was prepared, with the seal of the Mon- 
astery, by P. Anselm Matauschek, the Curator of the 
Mendel Museum. He also presented the University 
with one of the very rare Mendel autographs which is 
also reproduced here. It will be seen that this is a 
receipt for the payment of certain rents signed by Men- 
del as Abbot in the year after his election but during 
the time when he was still continuing his experiments 
on hybridism. 

It will be realized that this specimen is of the utmost 
rarity. Considering its fragile nature, the fact that so 
many of Mendel’s scientific remains were destroyed 
after his death and especially considering how little 
his results were appreciated until after his death, it is 
really remarkable that any specimen should have 
been preserved at all. This dried plant is a sym- 
bol of research of the first magnitude performed 
without extensive apparatus. With only a_ small 
plot of unused garden, a few common garden tools 
and a handful of dried peas, but with infinite im- 
agination, with the utmost care and perseverance Men- 
del worked out one of the great laws to be found in the 
history of science. 
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@ ABOVE 
The Mendel autograph presented to the 
University of Pennsylvania. It repre- 
sents a receipt signed by Mendel as 
Abbot. 


@ LEFT 
Gregor Johann Mendel 


@ BELOW 
The Augustinian Church and Cloister 
of St. Thomas in Brno, Czechoslovakia. 
The experimental garden of Mendel 
was inside the courtyard of the building 
to the left. 
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The Science Demonstration 


@ By Raymond B. Brownlee 
STUYVESANT HIGH SCHOOL, NEW YORK CITY 


Th is @ ticle sho ld not be read. 

It should be STUDIED. 

As co-author of the highly successful and wide- 
ly used te rthooks, F rst Principles of Che mistry 
and First Principles of Physics, Professor Brown- 


lee is well k nm by name at least to every 
fe ache r oof } ool Scie nee. His books are 
clearly wr practical, informative and inter- 


‘ sting. 


ll geta vivid picture ot 
on. You will realize 


to observe Professor 
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It was the science demonstration that first awakened 
popular interest and enthusiasm for science. The ex- 
perimental lectures of Davy and of Tyndall created a 
furor which it is hard for us to realize in an age in 
Laboratories were 


} 
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which science is a commonplace. 
few in the nineteenth century, but good demonstrators 
many. <A decline in student interest in science came in 
the nineties with the mistaken idea of replacement of 
demonstrations, particularly in physics, by a narrow 
and rather infertile group of laboratory experiments. 
So deep did the resulting prejudice against physics be- 
come that, since the beginning of the present century, 
it has had a constant struggle to maintain its proper 
place in the curriculum. And this in a “Scientific 
Age!” 

There are, however, few live science teachers who do 
not recognize that demonstrations and laboratory work 
are complementary. The special place of the demon- 
stration is in the introduction of a new topic. Here it 
awakens interest, challenges the student, and arouses 
the desire to further pursue the topic through the study 
of a text and individual handling of apparatus in the 
laboratory. 

The golden key to success in demonstration is prepa- 
ration: long, thorough, untiring, persistent experi- 
mentation by the teacher who is to give the demonstra- 
tion. No matter what help he has from others in as- 
sembling or constructing the apparatus, it should be 
the demonstrator himself who finally sets it up and 
tries it out again and again. Often what seems to be a 
brilliant inspiration for an experiment will fail when it 
is tried. 

It has been the privilege of the writer to have been 
associated for more than twenty-five years with a mas- 
ter of demonstration, Dr. Ernest R. von Nardrotf. With 
all the heavy duties of principal of a large high school, 
he took scores of hours each term in the preparation of 
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an auditorium science demonstration. These were 
models of expert manipulation and clear, simple presen- 
tation. He has said many times: “If they could see 
me in my preparation room trying, failing, changing, 
and abandoning experiments, they would say I was the 
worst experimenter in the world.” 

It might be a mistake to so strongly emphasize the 
strenuous character of the preparation of a demonstra- 
tion, were it not for the fact that science teachers are 
far from being lazy. If they were, they would not be 
science teachers. The eager response of our classes to 
well performed experiments, the glow on their faces, is 
ample payment for all our toil. When a successful ex- 
periment has been once prepared, it may be repeated 
with much less labor. The apparatus may well be used 
by another teacher, provided he has practiced with it 
beforehand until the experiment has become his own. 

What shall be shown in the demonstration? The 
selection of experiments calls for discrimination, for 
they should be the best that can be presented with the 
apparatus available and the time which the teacher can 
devote to their preparation. In the first place, each ex- 
periment should be simple and so distinctive that it will 
stand out as an entity in the minds of the pupils. The 
apparatus should not be so complicated that the pupils 
cannot see the experiment for the apparatus. A large, 
imposing lecture table balance, with an elaborately 
trussed beam, may distract the attention of the stu- 
dents from the “cylinder and bucket” for Archimedes’ 
principle, or the flask of air which is being weighed, 
and make them miss the essential reasoning. 


It is well to avoid apparatus which may be used for 


a great variety of experiments. The purchase of such 


apparatus is, in my opinion, poor economy, for the dif- 
ferent experiments for which it may have been used 
are very likely to be confused in the students’ minds 
later on. Measuring instruments form important ex- 
ceptions to this principle. Meter sticks, balances, and 
electric meters can and should be used repeatedly, since 
by their frequent use the reading of their scales be- 
comes more familiar, and they sink to their proper 
place as mere measurers. 

Groups of simple experiments are often desirable. 
In each, one aspect of the problem is presented and 
solved. Thus the final concept is reached step by step, 
which is the scientific way of leading to a generaliza- 
tion. Series of experiments in magnetism, static elec- 
tricity, or expansion by heat are cases in point. 

The old definition that an experiment is “a question 
put to nature” carries with it the thought of challenge. 
By the time pupils reach the secondary school, they 
have accumulated a considerable amount of scientific 
information and are often good scientific thinkers. 
Showing experiments which they have already seen or 
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done themselves, or demonstrating the obvious, are sure 
to bore a class, because they feel them to be an insult 
to their intelligence. I suspect that when we show a 
class some of the simple facts of magnetism, which 
they have themselves done in the elementary school, 
they think the teacher is not very bright. If you feel 
that an old concept needs reenforcing or clarifying, de- 
vise an experiment that shows it in a new and striking 
way. An experiment to be valuable must be thought- 
provoking. 

Striking experiments do not simply mean “Oh my!” 
experiments. An electromagnet which picks up a 
drawerful of nails is better than one which picks up 
fifty brads; a real block and tackle with ropes and a 
fifty-pound weight makes a lasting impression not ob- 
tained from little brass pulleys threaded with fishline. 
Besides, it is easier to handle. The use of toys and an 
occasional resounding explosion is good, but the demon- 
stration should not degenerate into vaudeville. 


The demonstration experiment should be crisp, not 
tedious. A long experiment, involving a succession of 
quantitative readings, does not belong in the demonstra- 
tion. It should be done in the laboratory, where the 
student’s own activity relieves the tedium. Timing is 
as important in the demonstration room as in the 
broadeasting studio. 

When we decry vaudeville, we should not forget that 
the arts of the stage are designed to get its message 
over to the audience. The successful demonstrator is 
something of a showman. So let us briefly discuss set- 
ting the stage. 

An experiment which cannot be seen by all is useless. 
Far too much purchased apparatus is too small to be 
seen well by the boy on the back seat: steam engine 
models, for instance. A teacher with some knack with 
tools can often make apparatus which is much better 
than he can buy, because it is larger. The Hall of Sci- 
ence at Chicago was a liberal education to those science 
teachers who visited it. The two great lessons which it 
taught were size and lighting of apparatus. It is sig- 
nificant that modern science lecture rooms are equipped 
with floodlighting above the demonstration table, and 
sometimes with spotlights. A pair of show window re- 
flectors with large bulbs, suspended from pulleys above 
the lecture table, are inexpensive and prove most help- 
ful in illuminating the table. A hundred-watt bulb be- 
hind a cylindrical reflector of aluminum is tremen- 
dously useful in lighting up an ammeter scale, or some 
necessarily small piece of apparatus. This applies the 
principle that the visibility of a small object is direc*ly 
proportional to its illumination. 

The apparatus being shown should occupy the center 
of the table. If this is not possible, attention may be 
focussed on it by lighting, by screening other appara- 
tus, or by separating the apparatus from other experi- 
ments as far as may be. It is well to go yourself to the 
extreme positions in the room after the apparatus is 
set up, in order to make sure it will be visible to every 
student. In using the optical dise and in other experi- 
ments in light in which the line of vision of each pupil 


should be normal to the apparatus, a turntable has been 
found very valuable. This is easily made from two 
boards, long and wide enough to hold the entire set of 
apparatus being shown; a brass rod fixed in the center 
of the upper board and fitted in a hole in the lower one, 
forms the pivot. With this turntable, the apparatus 
may be faced toward each section of the class in turn, 
with little loss of time. 


In electrical work, important connections should be 
made before the demonstration. There are a number 
of useful time-savers. The ordinary attachment plug 
with a pair of flexible cords, preferably of different 
color, is useful for each connection which need not be 
made before the class. When it is desirable to show 
a change of connections during the experiment, spring 
binding posts and wires provided with solid tips make 
for neatness and dispatch. 


If the teacher is a good blackboard draughtsman, as 
we all should be but sometimes are not, a simple out- 
line or sectional diagram on the board, made during or 
immediately after the experiment, is a great help. For 
the less gifted, the substitute is a large chart prepared 
beforehand and hung up at the proper time. This has 
the disadvantage of not permitting the class to draw 
while you are drawing. 

No matter how good the apparatus is, how well it is 
set up and lighted, the soul of the demonstration is the 
teacher. His art is to conceal art. His place is behind, 
not in front of the table, for he is an opaque object. 
The experiment and not the experimenter should bulk 
large in the pupil’s eyes. Practice, practice, and still 
more practice will give that grace of performance 
which has been well defined as the art of doing a diffi- 
cult thing in such a way that it appears easy. Do not 
attempt an experiment which you cannot do. While 
each demonstration is an experiment to the class, it 
should not be an experiment, that is a trial, for the 
teacher. Yield to every inspiration to try something 
new in the preparation room, but rarely do so before 
the class. Sometimes a bright pupil will ask: “What 
would happen if we did so and so?” Then the skillful 
teacher, who has anticipated such questions, will answer 
the question with the apparatus. Not infrequently he 
may discover that the suggested experiment is better 
than his, or shows a new and important angle. Here is 
a capital chance to apply the scientific method by cor- 
dially acknowledging the contribution. Thus the stu- 
dent and the class will see the scientific attitude exem- 
plified. 

Elbert Hubbard’s admonition to never apologize holds 
true for any preventable failure in an experiment. But 
the most carefully prepared apparatus will occasionally 
go wrong. This situation calls for quick thinking and 
tact. If the trouble can be easily remedied, do so 
promptly, taking the class into your confidence as you 
work. If a major operation is necessary, explain briefly 
why this is so and proceed with the other experiments. 
On the next day show the experiment working as it 
should. Such frankness and enterprise will increase 
Continued on Page Fifty-seven 
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Teaching Hish School Biology 


By Sister M. Dafrose. o.P.. Ph.D.. (F ordha ne niversity) 


CHAIRMAN, SCIENCE DEPARTMENT, THE BISHOP 


Sister M. Dafrose here begins a valuable and 
scholarly account of a century of progress in the 
teaching of biology. 

The methods and objectives characterizing a 
period are shown by quotations from the most 
widely used textbooks of the time, and the chang- 
ing thought of educators is followed from the 
natural history period of 1800 to the unit plan 
period of today. 

The second part of this article will appear in 
the September issue. 


PART I. 


Education has many aspects. One aspect is that of 
an ever widening circle of understanding through 
knowledge. Each year sees this circle of understanding 
embracing new phases of life, and with this experience 
comes a new and better grasp of the laws which gov- 
ern the world of living things, increasing constantly 
our understanding of the myriad phenomena which sur- 
rounded us in our daily life. Today, the study of the 
biological sciences has no small part to play in this 
development of understanding through knowledge. 

Biology offers to the high school student a new realm 
of interest, with new tools, and a new point of view. 
It unfolds the romance in the discoveries of great biolo- 
gists like Mendel, Pasteur and others, who have done 
so much to benefit mankind, and whose persistent ef- 
forts in spite of failure, discouragement and lack of 
recognition, went on quietly and persistently day after 
day, year after year. The biological unit is the living 
individual. Biology studies fundamental facts about 
living things, giving knowledge about the interrela- 
tionship between man and the plant and the animal 
world. It shows the need of the conservation of plant 
and animal life and the means to improve them. 

Through laboratory work there is furnished a means 
to rediscover facts already known and, perhaps, dis- 
cover new ones. Through field work, interest in life 
processes is stimulated. The priceless value of health 
is emphasized by trying to establish habits of physical 
and mental well being. The study of biology may prove 
a means of vocational guidance by discovering student 
aptitudes and interests. Leisure could surely not be 
better employed than in the fascinating, healthful, out- 
doors to which biological studies give the key. Situa- 
tions having direct bearing on home life, group conduct, 
human service, correct ideas about the relation of man 
to God the Creator, all aiding in building up a true 
ideal of citizenship, push into the frontiers of increasing 
understanding through knowledge. 

Biology as a subject of study in the high school has a 
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comparatively brief history. M. Payne, in an unpub- 
lished study on The Place of Biology on the Entrance 
Lists of American Universities (1924) states that the 
acceptance of any biological subject as entrance credit 
to college dates back less than fifty years. Its teach- 
ing passed through varying phases from the early na- 
tural history period, to the anatomical and morpholog- 
ical period, to the period of correlation and application 
of biology, down to its present day “unit plan” period. 
It may be of interest to take up in detail the varying 
viewpoints that determined the teaching of biology dur- 
ing the century of this progression, presenting as back- 
ground the authors’ ideas expressed in the texts in 
widest use at a particular period. 
THE NATURAL HISTORY PERIOD 

The biological sciences are usually understood to in- 
clude botany, zoology and physiology. Botany formed 
part of the work of some of the academies, especially 
those for girls, from 1800 onward, but the subject was 
taught chiefly by foreigners and books on the subject 
were few and ill adapted to teaching. About 1820-1830 
Eaton’s Botany and Sumner’s Botany came into use. 
Zoology, as a subject of study, found its way into the 
high school about 1825 as a natural history subject and 
was taught in about the same manner. Morse’s First 
Book in Zoology (1875) shifted emphasis from natural 
history to morphology. Agassiz, that great and influ- 
ential teacher, with his famous phrase “Study nature, 
not books,” was the great zoology teacher of the period. 
His text which was widely used, intensified the transi- 
tion. Physiology was the last of the trilogy to find its 
way into the high school curriculum and, like the bot- 
any and zoology of the period, was largely concerned 
with anatomy. Indirectly, it was the “Report of the 
Committee of Ten of the N. E. A.” in 1892, that was 
responsible for the introduction of a few one-year 
courses in physiology. Indirectly this report was re- 
sponsible in 1899 for the minority report of J. E. Pea- 
body, the protagonist of physiology, who became re- 
sponsible for what was later to become the New York 
State Regents’ course in Elementary Biology. A still 
further impetus to the study of physiology was given 
by the Women’s Christian Temperance Union which 
was powerful enough to have laws introduced in many 
states that made the teaching of the harmfulness of 
alcohol and narcotics mandatory in both elementary and 
high schools. The earliest teaching of these biological 
subjects might be characteried as the period of the na- 
tural history method. 


THE ANATOMICAL AND MORPHOLOGICAL 
PERIOD 


Asa Gray, professor of botany in Harvard College, 


published his first college text in 1842, but it was not 
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intil 1858 that his text How Plants Grow was put into 
the hands of “Young people in the Common Schools.” 
His influence which was far reaching, was exerted for 
nearly half a century. Those who recall the high school 
botany classes of thirty or forty years ago know that 
the subject concerned itself mainly with the anatomy 
and classification of flowering plants. Each student 
had to collect, press, preserve and label properly in an 
herbarium, a definite number, usually fifty, local varie- 
ties of “flowers.” The study required an excellent mem- 
ory for vocabularies, since the learning of numerous 
structural and descriptive terms for the various parts 
of the ffowers was an essential part of the lessons, and 
the detailed anatomical studies of the flowers required 
their constant use. Asa Gray’s text How Plants Grow 
was used almost exclusively until 1895, and even in the 
period 1896-1900 it was used in more schools than any 
other single text. 


Another characteristic of the botanical study of this 
period was the idea of bringing the student to a better 
understanding of God through a study of the flowers 
He created. Three excerpts from Gray’s text may be 
cited to illustrate this: 


“Consider the lilies of the field, how they grow; 
they toil not, neither do they spin; and yet I say 
unto you, that even Solomon in all his glory was 
not arrayed like one of these.—Matthew vi, 28, 29. 

Our Lord’s direct object in this lesson of the 
Lilies was to convince the people of God’s care for 
them. Now, this clothing of the earth with plants 
and flowers—at once so beautiful and so useful, so 
essential to all animal life—is one of the very ways 
in which He takes care of His creatures. And 
when Christ Himself directs us to consider with 
attention the plants around us,—to notice how 
they grow,—how varied, how numerous, and how 
elegant they are, and with what exquisite skill 
they are fashioned and adorned,—we shall surely 
find it profitable and pleasant to learn the lessons 
which they teach.” ... (page 1). 

“This book is intended to teach Young People 
how to begin to read, with pleasure and advantage, 
one large and easy chapter in the open book of 
Nature; namely, that in which the wisdom and 
goodness of the Creator are plainly written in the 
VEGETABLE KINGDOM.” ... (page 2). 

“Paragraph 288. In learning, as we have done, 
How Plants Grow, and Why they Grow, have we 
not learned more of the lesson of the text placed 
at the beginning of this book, and of the verses 
that follow? “Wherefore, if God so clothe the 
grass of the field, shall he not much more clothe 
you? ... Therefore take no thought, saying, What 
shall we eat? or What shall we drink? or, Where- 
withal shall we be clothed? For your Heavenly 
Father knoweth that ye have need of all these 
things.” And we now perceive that causing plants 
to grow is the very way in which He bountifully 
supplies these needs, and feeds, clothes, warms, and 
shelters the myriads of beings He has made, and 
especially MAN, whom He made to have dominion 
over them all.” ... 

“Paragraph 290. In order that the vegetable 
creation might be adapted to every soil, situation, 
and climate, and to the different wants of the 
greatest variety of animals, as well as to the many 
peculiar needs of mankind, God created plants in 
a vast number of kinds. And in order that these 
should be perpetuated and kept distinct, he or- 


dained that each should yield fruit and seed “after 
its kind.” So each sort of plant multiplies and per- 
petuates itself from generation to generation.” ... 
Bergen’s Elements of Botany (Ginn and Co., 1896), 
shows the typical morphological trend of the latter half 
of the period. Anatomy and classification dwindled in 
importance and were succeeded by a subject which stood 
for an extensive terminology applied to organs that 
appeared under numerous disguises. The botany of 
that decade might well be spoken of as the morphology 
of reproductive structures. Bergen in his preface to 
the text defines morphology thus: 

“Morphology or the science of form, structure, 
and so on, deals with the plant without much re- 
gard to its character as a living thing. Under this 
head are studied the forms of plants and the vari- 
ous shapes and disguises which the same sort of 
organ may take in different kinds of plants, their 
gross structure, their classification, and the suc- 
cessive stages in the history of germs from which 
all but a few of the simplest plants are formed.” 
The subject was considered largely as a disciplinary 

subject. “The scientific habit of mind” was supposed 
to result from the systematic study of the subject, the 
careful laboratory work, the infinitesimal details of the 
drawings, the endless notes. Numerous laboratory 
manuals were issued, type forms were studied, and lab- 
oratory work in secondary schools reached a peak. The 
lower plants, algae, fungi, mosses, ferns were studied 
with great care, and laboratory notes and labeled draw- 
ings supplanted the herbarium. 


H. R. Linville in an article on “Old and New Ideals 
in Biology Teaching” (School Science and Mathematics, 
X :210-216, March, 1910) speaking of this period says: 
“The teachers of morphological biology in the schools 
brought with them from the college certain ideals of 
method. Possibly the lecture method never took strong 
hold in the schools; but the laboratory method of the 
college with much of its paraphernalia did. The con- 
sequence of this was that thousands of young, un- 
trained pupils were required to cut, section, examine, 
and draw the parts of dead bodies of unknown and un- 
heard of plants and animals.” 


In the preface to the revised edition of Bergen’s Ele- 
ments of Botany (1904), we read: 


“This revised edition of the author’s Elements of 
Botany, first published in 1896, is intended to re- 
tain al! that was found most useful in the original 
book and to deal with a few topics somewhat more 
fully than was done in the first edition. 

The account of various types of germination and 
the discussion of the histology of the root, the stem, 
and the leaf of phanerograms have been somewhat 
curtailed. Experience has shown that those sub- 
jects were treated rather more fully than is neces- 
sary for a bo‘any course of a half year or less. 
The topics (and a few others) in the present book 
may profitably be devoted to a somewhat more 
careful study of typical cryptogamic forms and an 
outline of the ecological classification of plants. 
Accordingly directions for the study of Bacteria, 
Puccinia, Agaricus, and Equisetum have been 
added and the forms discussed in the older book 
receive more attention. A brief chapter (Chapter 
XII) on the ecology of leaves, with a statement of 
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the ecological classes of plants in their relations to 

the needed supply of water, has been inserted. A 

statement of the general characteristics of crypto- 

gams and a few notes on the evolutionary history 
of plants constitute the closing chapter.” 

This passage indicates that there was dissatisfaction 
among teaching botanists, and that the disciplinary 
value of systematic morphological botany was being 
challenged. The inclusion of plant physiology as an in- 
tegral part of the high school course in botany shows 
that the teachers recognized for the first time the need 
for the inclusion of physiological processes and the re- 
lation of life processes to environment. The movement 
toward plant ecology, plant physiology, and economic 
relations was under way. 


Suydam in “High School Botany” (School Science 
and Mathematics, February-March, 1903) writes: 

“What the high school pupil needs in the way of 
knowledge and discipline to be of any practical value to 
him is knowledge and discipline which will enable him 
to recognize the various trees, shrubs, and herbs in his 
locality and to know of their value or harm to mankind; 
knowledge which will tell him of the habits of these 
plants, where they live, how they live, what conditions 
are beneficial and what are not; knowledge relating to 
the economic value of plants, what plants are of eco- 
nomic value, how they grow and where they grow best, 
what soils they are best suited to, what their enemies 
are and how these enemies are recognized by man and 
subdued.” 


This attitude represents the point of view for the 
decade from 1900 to 1910. 


It is needless to cite illustrations of the same points 
of view in the zoological and physiological text books, 
paralleling those in botany, as the same trends were 
apparent there also. The courses in all three biological 
sciences were at first half-year courses, but gradually 
some of the high schools replaced the half-year courses 
by so-called “biology” courses which at first were little 
more than uncoordinated courses in elementary botany, 
zoology, and human physiology. The pragmatism of the 
decade reflected itself in the interest evinced by the 
public in what was being taught in the high school. 


The Report of the Commission on the Reorganization 
of Science in Secondary Schools issued in 1920 (Bulle- 
tin 1920, No. 26, p. 29), states under the heading 
“Changes in the point of view of biological teaching”: 


“When biology was introduced into the secondary 
school, the subject was taught by men and women 
trained almost wholly in college courses in mor- 
phology and classification; and in consequence a 
diluted type of college course was almost inevitable 
in the high school. Much of the laboratory ma- 
terial consisted of preserved specimens of plants 
and animals. Microscopical work of too difficult a 
type was insisted upon. Herbaria of dried speci- 
mens cluttered home and school. 

In recent years increasing emphasis has been 
placed on the study of living organisms. Physio- 
logical experiments and ecological studies have been 
introduced. But still the type of topic selected for 
study is more or less that which appeals to the 
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adult mind rather than to the mind of the ado- 
lescent. The material used was often remote from 
the every day experience of the students, and bio- 
logical studies still failed to function as largely as 
had been hoped. 

When teachers began to present biology in its 
relation to human welfare, a new and vital inter- 
est in the subject was awakened, and in many 
schools biology has become deservedly popular. It 
is evident that further progress in the pedagogy of 
the subject should be made along the line of organi- 
zation of courses in biology which relate to various 
aspects of human welfare.” 


PERIOD OF CORRELATION AND APPLICATION 
OF BIOLOGY 
It is generally conceded that the first course in ele- 
mentary biology in this country seems to have been 
prepared by the Regents of New York State in 1899. 


George William Hunter, a pioneer in the attempt to 
weld the three disjointed courses into a unified whole, 
and the teacher who was the first to attempt to organ- 
ize a text to follow the syllabus, writes in the Preface 
of his Elements of Biology (American Book Co., 1907), 
page 5: 

“The aim of this book is to correlate the allied 
subjects of botany, zoology, and human physiology 
in a general course of biology for the first year of 
the high school. The foundation principles upon 
which this correlation is made are that the life pro- 
cesses of plants and of animals are similar, and in 
many respects, identical; that the properties and 
activities of protoplasm are the same whether in 
the cell of a plant or of an animal; and that the 
human body is a delicate machine built out of that 
same mysterious living matter, protoplasm. With 
such a foundation correlation is not only possible, 
but natural. 

The following pages are the results of my experi- 
ence with large classes of young students in the 
first year of the high school. The average age of 
such pupils is about fourteen years. To such pu- 
pils the life activities of plants and animals have 
an appealing interest; simple experiments in plant 
physiology are performed with never failing zest. 
Laboratory and field work, so far as they relate to 
adaptations to functions, are readily compre 
hended.” 


To Be Continued. 
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An oil well that really works, 

built by Eugene Bosle, a stu- 
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Seience at the High School Level 


e@ By Rev. John F. Hammond, O.S.A.. Ph.D... (University of Chicago) 


DEPARTMENT OF CHEMISTRY, VILLANOVA COLLEGE 


Adapted from a paper read at an Augustinian 
Educational Convention held in Washington in 
December, 1934, this article reflects the experi- 
ence of one who has spent a number of years in 
the high school science field and understands its 
problems. 


Father Hammond discusses teacher prepara- 
tion, the science library, and teaching aids, but 
his article is written chiefly to suggest a desirable 
four-year science curriculum, one which is fitted 
to the needs of high school students. This new 
curriculum has dependent continuity. It avoids 
unnecessary repetition. 

We suggest the careful study of this well-con- 
sidered plan by superintendents of schools, high 
school principals, and others responsible for the 
character of the science instruction in our high 
schools. 


At the present time the expression “high-school 
science” in its generally accepted meaning, includes the 
biological and physical sciences, whether they be offered 
as survey courses, such as General Science, or as courses 
in specific subjects, such as Chemistry. 

The object of the present paper is to offer what may 
be considered a desirable curriculum in science at 
the high-school level and to discuss ways and means of 
improving science instruction in our Catholic high 
schools. 

At the outset it will be well to keep in mind the fol- 
lowing facts: 

(1) That most of the high schools in the large cities 
under diocesan jurisdiction, or under the jurisdiction 
vf the teaching orders, are regular four-year h gh 
schools for boys only or for girls only, with an average 
enrollment of one hundred to two hundred (few exceed- 
ing four hundred). In the smaller communities both 
boys and girls attend the same high school. 

(2) That nearly all of these schools are day* schoo's 
with a scholastic year of thirty-six to thirty-eight 
weeks. 

(3) That pupils for the most part come from paro- 
chial schools with little or no previous training in 
science. 

(4) That the schools are located in widely different 
parts of the country and are governed by different ac- 
crediting agencies and educational associations. 

(5) That for the greater number of boys or girls at- 
tending our high schools, high school is a finishing 
school; for the smaller number, say 20 per cent, it is 
college preparatory. 

(6) That some of the schools are exclusively devoted 
to the training of the youth for membership in a re- 
ligious order (or for the priesthood) and some are called 
“select”; and that, for purposes of science instruction, 
there should be no great difference between the science 
courses offered in these schools and the science taught 


*In contradistinction to evening schools. 


in the other schools (except, perhaps, that science 
courses offered in these should be more on the style of 
college preparatory). 

It is also worthy of note that, in so far as science is 
concerned, the urgent need in the high schools is that of 
teacher preparation. It seems there already exist a 
fairly well organized science curriculum and standard 
laboratory equipment in most of the schools. General 
Science is being taught in first year; one of the biolog- 
ical sciences, in second year; Physics and Chemistry, 
in third and fourth years; and, quite recently, most of 
the schools have installed science laboratories that are 
at least moderately well equipped. 

Next to the need of properly trained science instruct- 
ors one may place that of ascience library. Accrediting 
agencies are insisting upon the necessity of an ade- 
quate science library as a most essential aid in science 
instruction. 

In the way of suppiying these two present existing 
needs it is proposed, after the discussion of the science 
curriculum, to offer a plan for the training of the high 
school science teacher and to recommend lists of se- 
lected science books that should be on the shelves of 
the high school library. As a fourth topic, if space per- 
mits, “other aids” for the improvement of science in- 
struction may be discussed. 

Science Curriculum 

In recent years many very excellent studies in the 
reorganization of the high-school science curriculum 
have been made. In the eastern section of the country 
the New York State Regents are recognized as having 
attained a rather high standard. In the mid-western sec- 
tion the North Central Association took up the work 
of high-school curriculum reorganization and published 
the results in book form in 1933.’ Four years ago the 
National Society for the Study of Education published 
a program for teaching science both at the high-school 
level and in the elementary grades.” An outstanding 
contribution on science instruction by W. L. Beau- 
champ may be found in the monograph written under 
the direction of the Office of Education in Washington, 
D.C., which undertook within the last few years to 
make a national survey of secondary education.” Many 
of the state universities have made special studies in 
the way of science curriculum-making. Collectively 
these studies represent the earnest efforts of specialists 
well trained and experienced in curriculum-making and 
in the fields of special sciences. They represent the ex- 
penditure of thousands of dollars required by investi- 
gations, clerical work, and other expenses attendant 
upon such activities. 

One may not always adopt the same philosophy of 
education that is proposed by these educators, nor be 
governed at all times by the same general goals and 
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specific objectives recommended by them. But, in the 
main, these contributions, in addition to indicating the 
trends in high school science instruction, are very help- 
ful guide posts in formulating the units of the science 
courses in our secondary schools. 


In offering a sequence in science subjects suitable for 
high school students it is desirable that the courses 
should be designed to acquaint the pupils in an elemen- 
tary way with the more important forces and laws of 
nature. Furthermore, the science curriculum should be 


so constructed as to give pupils an understanding and 


appreciation of these laws and forces as they iniluence 
every-day life. To quote from Downing,’ “science as a 
part of a general education should be so taught that 
it will enable the average individual to apply it to the 
solution of those problems involving science which will 
arise in his life—not only those problems which demand 
solution because he must do something about them, but 
also those he attempts to solve merely to satisfy his 
intellectual curiosity. This average individual needs 
what may be designated consumer science as distinct 
from producer science the science of the specialist or 
the research student.” Our problem then in the teach- 
ing of high school science is not so much that of train- 
ing boys and girls to become scientists, as it is that of 
helping them to become intelligent laymen. Emphasis 
should be placed upon the understanding of principles 
rather than upon the accumulation of details and facts. 
One is lost in the maze of factual material presented in 
textbooks of science; and, wnless the generalizations of 
science are stressed, one cannot hope to obtain the mas- 
tery of those principles which form the basis for the 
interpretation of biological and physical phenomena. 
In all courses, systematic methods should be emphasized 
and scientific attitudes should be developed; and pupils 
should be trained in drawing proper conclusions from 
established facts and principles. 


At the present time the most widespread plan of 
offering science at the high school level is to provide 
a course for each year, calling the courses, if you will, 
Science I, II, III, and IV. It is the aim to plan these 
courses in such manner that there will be dependent 
continuity throughout the four grades and there will 
be no useless repetition of units that have been prev- 
iously mastered. Science I and II should be required 
of all pupils; Science III and IV may be made elective. 
On the assumption that the first two courses carry with 
them full units of credit, the requirement of the educa- 
tional associations (that each prospective graduate 
present two units in science) is fulfilled. Moreover, as 
was previously mentioned, high school for 80 per cent 
of the pupils that go there is a finishing school, and 
many (say 30°) are compelled to withdraw at the 
end of the second year. It is certainly very desirable 
that these boys and girls should be acquainted with the 
common materials and facts in nature and should be 
given an understanding of these materials and facts as 
they influence human life. Materials out of which 
the earth is made; facts of the universe in general; the 
motion of the planets; the earth in its relationship to 
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other bodies of the universe; the life, both plant and 
animal, that exists on the earth; food required to sus 
tain life, both plant and animal; man’s relation to the 
other beings on the earth; problems of hygiene, of 
clothing, of communication and of transportation 
these may well be put in courses, Science I and II 
(more frequently called General Science and General 
Biology) offered in the first two years of high school. 
In the selection of textbooks for these courses the 
author has found it best to use those that treat of the 
fundamentals of natural science as an integrated two- 
year science program organized in terms of units of 
understanding. 

In any course in science not more than eight or nine 
units should be taken up in the period of thirty-six 
weeks—a normal school year. There is included in 
this paper an outline of the course in terms of units; 
but, in general, it is recommended that it be left to the 
judgment and experience of the teacher just what units 
are calculated to lay the basis for the solution of the 
problems pupils in high schools in the different sections 
of the country must solve. The teacher will be guided 
by the vocations and avocations of the people in the 
particular section; by the knowledge necessary to read 
intelligently articles that appear in current periodicals 
and newspapers; by the interests displayed by pupils 
in the natural science fields. Nevertheless, whatever 
the calling in life or the particular interests of the 
pupils, the science offered in the first two years of high 
school should impart the principles by which the pup! 
may be enabled to solve problems of every-day life 
that are more or less common to all of us. 


It is suggested that Science III and IV be elective 
and that, in accordance with general practice, they be 
Physics and Chemistry, respectively; or, as an alterna- 
tive, that a course be offered in fundamentals of phys- 
ical science and that such a course offer units on the 
nature of matter, the concept of energy, heat and tem- 
perature, transformations of matter, electricity, ete. 
In schools that have an enrollment of not more than 
two hundred such a course (fundamentals of physical 
science) is recommended for third and fourth year 
students comb-ned. Or it may be better to offer one 
year a course in physics to third and fourth year 
students combined, and the next year a course in chem- 
istry to third and fourth year students combined. Of 
the two subjects physics is more desirable in high school 
than chemistry. It is well to note here that the same 
plan would obtain for girls’ high schools as for boys’ 
with the possible exception of Science III (Physics), 
the units of which may be offered better in the reverse 
order stressing more sound and light than electricity 
and mechanics for them. At the present time it }s 
not customary to offer courses in the specialized fields 
of science more than these suggested, unless the school 
has an enrollment of one thousand or more. 

It may be well to say a word or two about the or- 
ganization and method of the courses. The science 
courses are organized in terms of units, each of which 
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The Effect of Temperature in 


The Preserving of Food... 


@ By Margaret Smith 


LOURDES ACADEMY, CLEVELAND 


This essay won first honors ina contest for high 
school students conducted in connection with the 
fourth annual Conference for Teachers of Science 
in the Catholic High Schools recently held at Du- 
quesne University. Some 40 schools were repre- 
sented in the contest. 


Honorable mention was given to Jeanne Sem- 
ark, Villa Maria High School, Wickliffe, Ohio, 
conducted by the Sisters of the Holy Humility of 
Mary; to Jeanne Richardson, Annunciation High 
School, Pittsburgh, conducted by the Sisters of 
St. Joseph; and to Jeanne Ryan of Saint Rosalia 
High School, Pittsburgh, conducted by the Sisters 
of the Immaculate Heart of Mary 


The need for the preservation of foods is evident 
even to those unversed in bacteriology, for, as every 
housewife knows, after foods which easily spoil are left 
in the heat a certain length of time, an obnoxious odor 
and repugnant taste make the food undesirable. To 
those who understand the harm wrought in foods by 
tiny microérganisms, such as molds, bacteria, and 
yeasts, the need for the preservation of foods is doubly 
evident. In view of these facts the question of how 
foods may be preserved arises. In olden days, as in 
our modern age, temperatures, both high and _ low, 
proved to be the most efficient means of combating the 
spoilage of food; hence, the discus- 
sion of temperature as a preserva- 
tive of foods is an important and 
interesting topic. 

Since this subject is extensive, to 
divide the exposition of the matter 
into sections will add to the clarity 
and simplicity of treatment. There- 
fore, an attempt to describe the 
relative effects of different tem- 
peratures upon edibles will be made 
in the following paragraphs, en- 
titled respectively: 

The Origin of Refrigeration and 

the Effect of Cold upon Foods, 
The History of Heat and the 
Manner in Which Heat Affects 
Foods, 

The Comparison of the Effects of 
Heat and Cold upon Foods. 

The history of refrigeration 
brings to mind such eminent men 
as Marco Polo, Sir Walter Scott 
and Lord Francis Bacon. Both 


and biology. 
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Marco Polo and Sir Walter Scott contributed to the 
science of refrigeration by relating instances of this 
method of food preservation in the Far East. Lord 
Bacon valiantly gave his life for this science when 
he stepped from his carriage on a cold winter day and, 
after stuffing a chicken with snow, attempted to dem- 
onstrate his theory of refrigeration. As a result of 
this experiment, he contracted pneumonia and never 
recovered. These interesting attempts were only the 
beginnings of refrigeration. Later Faraday, Dr. Cul- 
len, Dr. Gorrie, David Boyle and a host of others aided 
in perfecting cold storage. 

Many of the foods that we enjoy the year round, such 
as grapefruit, lettuce, and tomatoes would be obtainable 
for only a part of the year if it were not for refrigera- 
tion. However, because of our modern means of pre- 
serving foods, these delectable products remain with us 
for the entire year to gratify the palate. 

Economy also enters into the question. We may 
thank cold storage for the low price at which foods may 
be purchased. Because fruits are less likely to decay 
during shipment in refrigerator cars, large quantities 
of these perishable foods can be shipped great dis- 
tances. 

Refrigeration is widely used in commerce and in 
homes as a satisfactory means of storing food. Where- 
as such semi-perishable foods as potatoes, apples, tur- 
nips, carrots, and onions can be stored in cellars and 
still remain safe from deteriora- 
tion, perishable foods such as fresh 
milk, meat, and butter must be 
kept in a colder place. In this in- 
stance, refrigeration figures great- 
ly. Though it is a more expensive 
process than cellar storage, it is 
more efficient, inasmuch as perish- 
able foods are best kept just above 
the freezing point. 

In the development of refrigera- 
tion we recalled the names of emi- 
nent men of the past; so in the ori- 
gin of the heating process of pre- 
serving, we come upon a great 
name of the eighteenth century. 
There is this difference, however, 
that the man with whom we are 
now concerned does not figure di- 
rectly in the development of heat 
preservation. We speak of Na- 
poleon Bonaparte, one of the great- 
est military geniuses the world has 

Continued on Page Sixty 
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Edueation as a Scienee ... 


@ By A. John Goetz. Ph.D. 


PROFESSOR OF EDUCATION, DUQUESNE UNIVERSITY 


This thought-provoking article deals with the 


results ond the possibilities of the application 


of science and the scientitic principle in education, 


“Education viewed scientifically has a profound 
effect on educational progress. No teacher can 
claim title to progressivism unless she familiar- 
izes herself with the system, methods, devices and 


aids which are the gifts of Science.” 


Dr. Goetz’s discussion of this topie was one of 
the features of the recent Duquesne University 
Conference for Teachers of Science in the Catho- 


lic High Schools. 


Through the centuries variant views of education 
have been propounded by philosophers, educators, and 
laymen. The cause of the variance lies in non-recogni- 
tion of the concept of man as found in the Bible: God's 
explanation of His creative Idea. It is age-old experi- 
ence that the further philosophy departs from revealed 
doctrine, the more groping become its processes, and 
the more inconsistent its conclusions. The point of 
convergence in ontological speculation is the will to 
acknowledge man as an un-evolved creature, fashioned 
by the Creator, “according to His own Image and Like- 
ness." Some philosophers, albeit pagan, such as So- 
crates, Plato and Aristotle did understand through rea- 
son and will that man combines the physical and meta- 
physical, the corporeal and the spiritual—body and 
soul—and is endowed by the Supreme Intelligent Cre- 
ator of the universe, with life, mortality and immortal- 
ity. This conclusion transcends the realms of opinion, 
theory and hypothesis, and establishes a motive for 
man’s education that is essential, intrinsic and invar- 
iable. 


To attempt to define education categorically without 
admitting this concept of man, would be as impossible 
a task as to define civilization without considering eth- 
nological factors. To transplant a savage from the 
heart of Australia to the heart of New York City would 
stun him into insensibility by the intensity of the in- 
sensate lives of the white natives. To condemn the un- 
civilized custom of exposing Spartan infants on moun- 
tainsides, the while, we, in this civilized twentieth cen- 
tury prescribe sterilization by law, and clamor for lib- 
eralization of contra-natural race-suicidal practices, 
would be like the kettle calling the pot black! The only 
absolute criterion of civilization, as of education, is 
found in the following of Christ. 


For the sake of clarity, and as a logical preamble to 
our discussion of education as a science, let me re-affirm 
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the principles of Christian philosophy that must con 
stitute the basis for any true definition of education. 


1. Man is a rational animal composed of body and 
soul, created by God for time and eternity. 


2. He is endowed by his Creator with physical and 

spiritual faculties which must be cultivated unto 
perfection. “Education means the giving to the 
body and the soul all the perfections of which they 
are susceptible,” is the definition of Plato. 


3. The perfecting of his faculties must be in ac- 
cordance with precept and reason: precept for 
the proper direction of his powers; reason for the 
proper ordination of his conduct. 

4. The direction of his powers is the specific function 
of the social agencies of education, namely, the 
home, the Church, the State, the schools, and 
books. 


5. The ordination of his conduct is the responsibility 
of the individual himself. “The true aim of edu- 
cation,” says Aristotle, “is the attainment of hap- 
piness through perfect virtue.” 

6. These acts of directing, ordaining and perfecting 
are human processes which demand for their con- 
summation a conscious, deliberately worked-out 
system: “Education is a natural, progressive, 
systematic development of all the powers” is the 
view of Pestalozzi. 

7. Method and system are as indispensable to art as 
they are to science——“‘Art and science have their 
meeting point in method’’—Bulwer. Method is 
the basic element in discipline, and discipline is 
the end and objective of education. This funda- 
mental principle must satisfy those traditionalists 
who insist that education is an art. We concede 
that, as a subjective evolution, education is an 
art; as an objective adjustment, education is a 


science. 


“The true object of education should be to train one 
to think clearly and act rightly’—Van Dyke. With the 
admission of a basic educational philosophy that com- 
prehends the scientific we are prepared to enlarge our 
thesis that education may be viewed as a science. 


Science is a method of determining facts, or of pre- 
dicting a sequence of events. It is a statement of truths 
found out, the embodiment of organized common sense; 
it is careful quantitative recording, not speculation or 
supposition. 


Aristotle classed sciences as (1) theoretical, (2) 
practical, (3) poetical. In a general way the theo- 
retical sciences are those in which discoveries are made; 
the practical sciences represent the branches which 
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teach how to apply knowledge for the benefit of man- 
kind; the poetical sciences embody the creative and 
technical arts. 


It was precisely the Greeks who first worked out a 
theory and practice of education based upon scientific 
principles. The great end of education for them as 
well as for the medieval scholastics and early modern 
educators, was to discipline rather than to furnish the 
mind. 


In our age, the study of education is generally looked 
upon as a science in that it has a body of data quite 
as definite as that of many of the applied sciences, and 
has well-defined methods of dealing with such data. It 
is not a science in the sense of having any universally 
accepted group of principles as a basis of study, and in 
this, it is in the same status as history, sociology, polit- 
ical science and economics. As an applied science edu- 
cation recognizes the coordinate value of method and 
subject matter; it employs tested processes in the de- 
velopment of the faculties, and emphasizes the relation 
of educational activities to society; it aims at scientific 
exposition and scientific formulation of the principles of 
method and curriculum in their mutual relations. Ar- 
guing from these premises, yet allowing for traditional 
conservatism, let us demonstrate the positive educa- 
tional value of the scientific view. Since the great 
experiment of Pestalozzi at Yverdon there has been evi- 
dence of universal faith in pedagogical experimentation 
patterned after the inductive method promulgated by 
Francis Bacon. Not a rash, uncalculating experi- 
mentation, but an accurate, fact-finding procedure, typ- 
ical of scientific minds. Educational novelties have al- 
ways been discouraged and fantastic innovations con- 
demned by wise leaders. The flare for intelligence test- 
ing, for example, which gained such popularity after 
the findings of Binet and Simon in France a half cen- 
tury ago, has long since yielded to sane and practical 
methods of objective measurement. 


The use of the scientific method in evaluating educa- 
tional processes led to a renewed interest in psychology 
in teaching. “The method of teaching which ap- 
proaches most nearly to the method of investigation is 
incomparably the best; since not content with serving 
up a few barren and lifeless truths, it leads to the stalk 
on which they grow,” wrote Burke. There can be no 
accuracy of action unless facts are observed, checked, 
and compared in the same way that the scientist inves- 
tigates, experiments and verifies in his laboratory work. 
lhe untrained observer usually makes too few observa- 
tions, fails to record them, neglects to weigh the condi- 
tions under which they were made and overlooks the 
events which follow. 


Educational history is crowded with superstitions 
which held sway so long as there was no corrective to 
dispel them. For example, it was generally assumed 
that reasoning in some narrow field or subject would 
equally improve one’s ability to reason in all fields. 
That has been exploded, just as the superstitions about 
black cats and walking under ladders. There is law in 


the physical world and law in the psychological world. 
With the advent of educational psychology the scientific 
attitude became firmly entrenched. This study at- 
tempts to determine why pupils act as they do. While 
we do not determine absolutely, yet in the thirty years 
of using the scientific approach we have made marvel- 
ous advances. Years ago, long drill periods were the 
accepted method of impressing knowledge. In the light 
of patient investigation we now know that short drills 
at more frequent intervals is a much superior practice. 
Predicting what a child may accomplish is very common 
tuday. A boy tested at the age of 6 years, 11 months 
was found to have the intelligence of a 10 year old. It 
was predicted that he would enter High School at 11. 
He entered at 10 years and 5 months. We do not pre- 
tend absolute accuracy in these predictions, because an 
intelligence test is no infallible indication of what one 
will accomplish, because frequently, a child may have 
mental ability and not make use of it. 


In science, one of the most effective observational 
methods is that of “experimental control,” or experi- 
ment and deduction by comparison. The research sci- 
entist, for instance, wishes to determine the efficacy of 
a vaccine which he has produced. He may select 200 
persons and innoculate every alternate one, or he may 
use an experimental group of 100 (vaccinated) and a 
control group of 100 (unvaccinated). Conditions and 
circumstances being equal and constant, the results will 
be relatively conclusive. The scientist knows that the 
larger the group, the less possibility there is for mis- 
calculations arising from chance factors. Recall the 
illustrious Louis Pasteur in his experiments with an- 
thrax vaccine. His greatest difficulty was to secure the 
animals for his tests. Despite the scepticism of the in- 
tellectuals, who, by the way, should have been the very 
ones to abet his research work, he was finally success- 
ful in obtaining 50 sheep from the Society of Agricul- 
ture of Melun. 25 sheep were innoculated and 25 were 
not. You know the humanitarian results of that clas- 
sic example of experimental control. 


In imitation of this scientific method of counter- 
check, educational psychology has been able to formu- 
late rules and relative laws which have proved invalu- 
able to progressive teachers. Permit me to enumerate, 
without comment, a few of the most practicable and 
universally acknowledged laws of learning: The law 
of readiness or mental responsiveness; the law of ex- 
ercise (use, disuse, distribution of practice); the law 
of effect (the aid of satisfaction in learning and the 
handicap of annoyance); the law of association which 
has engendered widespread enthusiasm for the use of 
visual aids and projects; the socialized recitation (the 
group interest medium). The scientific attitude has 
brought into being a Methodology which squares in 
every detail with the traditional rules of scholastic 
philosophy. For example: educability differs with each 
child and at each period in his life; the modification 
through education of physical and mental conditions 
affected by environment; a strong tendency toward a 
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PART II. 


As stated in an earlier article, the writer’s experi- 
ence indicates that at least three 
training levels in teaching students to use textbooks 
efficiently. The first is being able to find in any par- 
ticular paragraph the answer to a definite question. 
The second is being able to locate in the text by means 
of a furnished outline the important items which must 
be learned or The third, which many stu- 
dents of low I. Q. will never be 
able to reach, is being able to 
make independently an outline, 
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there are separate 


mastered. 


ractical 
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I am going 
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ready for 
shall give you outlines instead of questions. 
line for your next assignment is « 
is an abbreviated way of asking 
ake 


use 


to show you how to 

Objection immediately arises: “In his English class 
this pupil has made outlines for compositions, and has 
How is this dif- 


necessary. 


written articles from these outlines. 
Why is additional training 

Yes, the student has been trained to build outlines 
for original paragraphs. Now 
find out what a trained scientist with an extensive vo- 


ferent. 


we are asking him to 
cabulary, and only too often a very technical one, means 
in several pages of unfamiliar text. From his fourteen- 
year-old viewpoint this is an entirely different propo- 
sition from organizing material with which he is per- 
fectly familiar, and in which the relative importance of 
items is clear in his own mind. With his new science 
text—unquestionably the most difficult reading he has 
yet been asked to undertake—he is at a loss to deter- 
mine which part he is simply to read, and which part 
he must learn; which items are of passing jnterest 
merely, and which must be permanently mastered. 

He must at once be taught a new kind of “skimming,” 
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Again, supervised study works! 
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Supervised Study 


to help him in reading more rapidly, and he should be 
assisted in determining the relative importance of the 
items, this being the purpose of his outline. If he 
studies in the same classroom, the outline may be on 
the board in front, where he can copy it or not as he 
considers necessary. If he studies elsewhere, mimeo- 
graphed or some other kind of duplicated outlines 
should be passed out. No student time should be wasted 
in compulsory copying, or in writing outlines from dic- 
tation. There are various other advantages attached 
to these duplicated assignments, which may cover the 
work for a day, a week, or a complete unit as the in- 
structor pleases, though for the sake of the high I. Q. 
group of “rapid progress” stu- 
dents, one of the latter is rec- 

ommended. 
directed 
March 
will chal- 


of 
our 


Tt 


discussion 
SAMPLE BOARD OUTLINE 
(Assignment for One Day) 


in 


Applications of Air Pressure 
Siphon: 


a. 
b. 


appearance 

operating conditions 

c. direction of flow 

d. reason for flow 

e. limit of lifting power 

f. industrial uses 

definition 

h. sketch apparatus on ta- 
ble for notebook use 
full page; label 


lesson, 


work, test- 


will interest you. 


Vocabulary List 


vacuum 
partial vacuum 
normal pressure 
increased pressure 
decreased pressure 
valve 


plunger 
siphon 

lift pump 
operating con- 
ditions 
industrial uses 


6. 
Locate: 


(1) 
(2) 


partial vacuum and 
surface acted upon by 
of the following: 


air pressure in each 


drinking from cup through straw 
filling fountain pen 

filling medicine dropper 

using vacuum cleaner 

using lift pump 


(a) 

(b) 

(c) 

(d) 

(e) 

It is taken for granted that before this assignment 
is made the student knows by means of experiment and 
demonstration, observation and previous study, that air 
has weight and exerts pressure, and that he also knows 
the difference between perfect and partial vacuum. He 
understands that the vocabulary list is to be copied into 
the “Vocabulary Section” of his science notebook, and 
that he is to learn to spell and pronounce each word 
or phrase, and be able to use each correctly in a sensi- 
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ble sentence. It is likewise to be understood that aur- 
ing the earlier part of the class meeting his teacher has 
made or shown a glass siphon, demonstrated its work- 
ing, and motivated the study period by saying, “I’ve 
shown you how a siphon works. Your text will explain 
why it works.” This has also been done for the lift 
pump. 

The inexperienced beginner must note carefully the 
first difference in procedure on the second level: The 
student must skim the entire text description of his 
topic before he is ready to study. He is now shown that 
there are two steps to this skimming: first by use of 
heavy-type paragraph topics he locates the sections re- 
ferring to siphons; then, by glancing rapidly down the 
middle section of the page, he finds the part in which 
he is directly interested. Some students find it easier 
to get a general idea of the context by reading the first 
and last sentence and sometimes one other sentence 
approximately in the middle of each paragraph. 

Now let us go back to the lesson on that outline, 
which will probably go something like this: 

“In a few minutes I’m going to ask you to study 
about the siphon, but first I'm going to be sure that 
you understand what the outline asks of you. That 
first item, item “a,” really means, ‘Describe a siphon’s 
appearance’ or ‘Tell what a siphon looks like.’ How 
will you find out?” 

“Study the pictures’—‘Look at the siphons on the 
table.” 

“ ‘Operating conditions’—this means ‘Under what cir- 
cumstances will the siphon work?’ It doesn’t work 
everywhere, as your book will tell you. The text does 
tell where it will work, and why.” 

“*Direction of flow’ means will the liquid flow to- 
ward the short arm or toward the long one, and will it 
always flow in the same direction? You should know 
this after watching our siphon, but if you have for- 
gotten, or if you overlooked it, the text will tell you the 
answer.” 

“*Limit of lifting power,’ means what is the greatest 
height to which the siphon will lift the liquid, and 
why? ‘Four industrial uses,” means four uses in busi- 
ness. Now, I'm going to give you a few minutes to 
read. After you are more familiar with the material, 
we'll discuss these items again.” 

As soon as the instructor sees that two or three of 
the quicker students are ready “Time” is called, fol- 
lowed by the question: 

“What does the first item mean, Tom?” 

“Tell what a siphon looks like.” 

“Read us the answer, but first tell us where to find 
it in the text.” 

“In the first paragraph—A U-shaped tube.’ ” 

“Do you agree, Charles?” 

“I think it should be, ‘A U-shaped tube with one arm 
longer than the other.’ ” 

“So do I. What is the meaning of operating condi- 
tions, William?” 

“The conditions you have to have before your siphon 
will work.” 


“Tell us where you find it in the text, and then read 
us those conditions.” 

“In the first paragraph,” and he reads them. 

“What does the next item mean, Albert?” 

“Does the liquid flow toward the long arm or toward 
the short arm, and why.” 

“Read the parts of the lesson that tell you,” and so 
on down to “define siphon” where a new problem of 
technique arises—Shall we dictate a definition to be 
learned by the class, or help them to build one which 
they will understand? The writer believes in the latter 
method and uses the same skeleton for building defini- 
tions that is used by the ninth grade in writing a brief 
news item—‘Tell who does what; when; where; and 
usually how or why.” 

“What is a siphon? You know it isn’t a stone wall. 
How could you tell it from a stone wall?—ZJn one word, 
what is it?” 

“A tube.” “A U-shaped tube.” 

“That is right. Now a tube which does what?” 

“It transfers liquids from one container to another.” 

“When or where?” 

“Where the difference in level is not over 34 feet.” 

“Why?” 

“Because of the air pressure on the surface of the 
water in one container.”—‘“Because of the difference 
in the weight of the columns of liquid in the two arms.” 

As the discussion proceeds, the teacher jots down the 
items as they are mentioned, and now has an outline on 
the board looking probably something like this: 

Siphon: 
U-shaped tube 
transfers liquids 
difference in level 
pressure on surface and 
weight of arms 

“Both right. Now look at our notes on the board, 
and build a smoothly worded definition.” 

We teach practically all of our definitions in this 
fashion. Sometimes we do not need every item in our 
skeletonized outline, but we always tell “who does what” 
and examine the other items to see if anything more 
needs to be included. Suppose we are defining photo- 
synthesis. “It isn’t a stone wall. Jn one word, what 
is it?” 

“Process.” 

“Which does what?” 

“Manufactures starch (or sugar).” 

“Where?” 

“In green leaves.” 

“When?” 

“During sunlight.” 

Now we can safely dictate that smoothed definition, 
though the writer does not advocate it. The direction 
that might better be given is not, “Be sure to remem- 
ber this,” but “Don’t try to remember this. If you 
understand this thing you can always build a good defi- 
nition by yourself.” 

Please note that up to this point in the work we have 
simply been calling the student’s attention to the new 
things in the assignment—-the things that he doesn’t 
know and must learn. Now we must give him the 
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chance to learn them, so we close this portion of the 
lesson saying, “We have shown you where to find all 
the facts. How will you know when you have learned 
your lesson? How will you know when your studying 
is complete?” 

“When you can explain all your diagrams.”—“*When 
you can shut your book and cover up your reference 
material.”"—-*When you can recite to yourself without 
“When you can explain it to someone else 


any help.’ 
so they can understand it.” 

“Suppose you find that you can’t do this the first time 
you try?” 

“Then you need to study it some more.” 
to study it again until you can.” 

When we begin to test the described assignment to- 
morrow there are many optional methods. We may ask 
one pupil to stand and talk, without interruption, to 
the class from the outline on the board, the other stu- 
dents having the privilege of asking him questions 
when he finishes. He may be stopped at any point for 
another to take up the tale. There may be as many 
students at the board as can be accommodated, each to 
write out some item of Section II in the sample outline. 
These will be criticized and marked as usual. There 
may be a series of rapid outline sketches, pen, medicine 


“You need 


dropper, ete., which have been placed on the board be- 
fore the class by some of the quicker students, each 
sketch to be explained to the class by another pupil; or 
we may have a “one word” fact test, similar to the one 
previously described. 

Examination of the above procedure will show that 
the only difference between what is usually known to 
high school pupils as a “class” or a “recitation,” and the 
first part of the directed study period, is that in the 
first the students are discussing with the teacher—or 
“reciting” —material with which they have familiarized 
themselves by study, and about which they are sup- 
posed to have formed conclusions; in the second, the in- 
structor by means of experiment, demonstration, or So- 
cratic questioning is helping the student with his opened 
book to come to conclusions about new material. In 
any class using the methods recommended, there is no 
hard and fast line between recitation, discussion, and 
supervised or directed study, except that the first few 
minutes of the class hour are usually devoted to test- 
ing the preparation of the last assignment. The rest 
of the time is devoted to actual teaching, the first con- 
tact with the advance lesson being made through the 
teacher, who by his development, through experiment, 
demonstration, or Socratic questioning, motivates the 
use of the text during the pupil’s period for independ- 
ent study. The study of the text simply reinforces the 
teacher’s development of the new problem. 

The entire period may be devoted to directed study 
on some days, while on other days no time may be al- 
lotted for it at all. For example, in the class whose 
work we have been following, Monday probably was a 
laboratory period, during which several demonstrations 
of the weight and pressure of air, and the students’ 
notes for their reports used all the time; no text as- 
signment was made. On Tuesday, a five-minute discus- 
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sion of yesterday’s demonstration was followed by a 
demonstration of the principle of the mercury barome- 
ter. This, with accompanying discussion, took about 
fifteen minutes. There was a text assignment upon 
the barometer, aneroid barometer, barograph, and the 
two main kinds of aircraft. The instructor helped with 
the text during the first part of the remaining time, 
and the pupils studied independently during the rest of 
the period. Wednesday saw a five-minute discussion 
of aircraft, followed by a demonstration of the lift 
pump and the siphon, with about ten minutes of di- 
rected study, followed by independent study. Thursday 
will probably see half of the period used by board work 
on power questions involving any of the assignments 
made during the week, with half of the remainder de- 
voted to helping with the text description of compressed 
air and its commercial applications, the rest to inde- 
pendent study. Friday will probably bring a check-up 
test upon the week’s work—ten dictated completion 
questions, ten true or false, and one essay-type, power 
question which will be placed on the board. The test 
will be timed, and followed by a laboratory demonstra- 
tion of the approximate volume of O in the air, and the 
presence of CO. in air and in exhaled breath, which 
may use the entire period. In such case there will be 
no help with the text, the assignment being writing up 
the report, and reading the text explanation of the 
demonstrations. The time spent in study will, of 
course, vary from day to day, but it will take approxi- 
mately half of the class time from week to week. 

As the student gradually grows in his understanding 
of the use of his outline, the teacher gives less and less 
assistance with the text, until finally all that is neces- 
sary in the normal class is the brief daily discussion of 
particularly obscure or difficult points. The usual class 
hour program will then run somewhat as follows: 
(1) “Are there any questions which you now cannot 
answer about the assignment?” These are cleared up 
by reference to open texts if possible; if not, by the 
teacher’s explanation. (2) Brief and rapid testing of 
the previous assignment, either through board work, 
“one-word fact test,” or oral discussion by individual 
students following the outline. (3) Development of the 
advanced assignment by the instructor, including as 
much assistance with the text as is necessary to insure 
successful study by the group. (4) Independent study 
for a part of the period by the group, leaving the in- 
structor free to observe study methods, to work with 
absentees or with students slower than the average, or 
to make constructive suggestions as he passes around 
the class. 

When the majority of the class is able to begin inde- 
pendent study, there are always one or two slow or 
puzzled students who “can’t see it.” They may be 
taken for individual assistance at the desk, or better 
at the rear board, where they do not disturb the others. 
The stronger students may occasionally assist with this, 
especially in the case of absentees. Even with these 
slow students, independent study during part of the 
period is an essential. We are attempting to build the 
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You Should Read 


Through the Telescope 


Epwarp ARTHUR FATH, Professor of As- 
tronomy, Carleton College. Whittlesey House. 
McGraw-Hill Book Company, Inc. New York, 
1935, vii + 220. $2.75. Illustrated. 


This book is easy reading. Its descriptions are al- 
ways clear and often striking. In fact, the teacher of 
rhetoric might well open the book at random and use 
the text to illustrate some of the finer qualities of 
style. Through the Telescope is meant for the average 
non-scientific reader. 

Imagination is constantly used to bring home the 
most important facts of astronomy. And yet, as far as 
it goes, this book is strictly scientific. Details of calceu- 
lation are, of course, avoided, but the more imortant re- 
sults are clearly stated. To the general reader the book 
can be recommended without reserve. To the student 
who wishes later to take a course in descriptive or 
mathematical astronomy we particularly commend the 
first part of this book. He will not readily find a clearer 
description of the solar system in so brief a compass. 


Patrick Cronin, Ph.D., 
Duquesne University. 


Handbook of the Heavens 


@Edited by Hupert J. BERNHARD, DoROTHY A. 
BENNETT and HucGu S. RIceE. Whittlesey 
House. McGraw-Hill Book Company, Inc., 
1935. 151. $1.00. 


Highlights of Astronomy 


ey WALTER BARTKY, Associate Professor of 
Astronomy, The University of Chicago. Uni- 
versity of Chicago Press, 1935. xiii + 280. 
$2.50. 


Here are two works on astronomy for the non-pro- 
fessional lover of the stars. Neither one is to be used 
as a textbook for the student, but they are both de- 
signed to give the beginner a general educational back- 
ground before he ventures out into the deeper reaches 
of the science. 

The Handbook of the Heavens is a small volume, 
unique in its makeup, as it is written by the members 
of the Junior Astronomy Club at the American Museum 
of Natural History, a group of young people who have 
made astronomy their hobby. They know exactly what 
is needed to awaken an interest in the study of the 
heavens and, without going into details or calculations, 
they give in their book an introduction to their hobby. 
They tell where to find and how to identify the constel- 
lations, nebulas, double stars and other interesting ob- 
jects that can be seen through small telescopes or field 
glasses, and give enough information in plain language 
to start other young people on exploring trips in the 
sky. 

A different kind of work is Bartky’s Highlights of 
Astronomy. Here the more mature reader will find 
an introduction to the science which will serve as a 
foundation for more extended study. The book is de- 


lightfully written and highly interesting even for the 
general reader who has no intention of becoming an 
astronomer. We are taken from the earth and placed 
on the rotating ball, freely suspended in space and 
moving with enormous speed around the sun. The laws 
which govern the movements of our solar system are 
explained in simple language and by experiments and 
examples which are easily grasped. Excellent charts 
are scattered through the pages, to help the reader 
in locating the planets at any time in the sky. Specula- 
tions and theories are generally omitted. 


There is also an ingenious instrument recommended, 
the Stellarscope, with which one can see various con- 
stellations on a moving picture film which is to be 
superimposed upon that portion of the sky where the 
sought-for constellation is located. This is only a toy, 
and of doubtful value. The price including a film with 
24 star maps, is $2.00. 

Dr. M. W. Kurniker, 
Author, The Cosmic Cyele. 


Bird Portraits in Color 


@P2y THOMAS S. RoBErTs, Professor of Ornithol- 
ogy and Director of the Museum of Natural 
History, University of Minnesota; University 
of Minnesota Press, Minneapolis, 1935. 90 
plates + vi. $3.50. Index. 


Bird Portraits in Color is a splendid portrayal of the 
beauty of birds. The colored pictures of the many 
birds which it presents are so natural that the birds 
may be easily recognized at sight. The observer will be 
able to distinguish one bird from others of the same 
family. The interesting descriptions which accompany 
the “portraits” give just the information needed not 
only by a beginner but also by the student of bird life 
and the bird lover generally. They treat of the uses, 
songs, habits, home life, nestings, haunts and migra- 
tions of a great many birds. Arranging them by fami- 
lies, haunts and climatic locations, the author studies 
water and land birds, birds of the deep forest and 
prairie, and birds of the field, meadow, garden, yard, 
orchard and marshes. He discusses their coopera- 
tion with man in making the world a better place in 
which to live. This beautiful book is a great find for 
those beginning the study of birds. 


Intimate sketches are given of the destructive Eng- 
lish sparrow, the starling, the rose-breasted grosbeak in 
the potato patch, the purple martin as a fly catcher, the 
Baltimore oriole, the tiny humming bird in its minia- 
ture nest of cobwebs, the kingfisher with its nestlings 
deep underground, the golden plover, the coveys of 
bobwhite, the bluebird most beneficial to the farmer, 
the whiskey jack nesting in zero weather, the wood- 
pecker as savior of the forest, and scores of other in- 
teresting birds. Bird music is described in stories of 
the beautiful songs of the thrush, the warbler, the mea- 
dow lark and the mocking bird. 

This searching treatment of bird life would be a val- 
uable contribution to any library, public or private. It 
will appeal to school children, to advanced students, to 
teachers—especially of biology or of science—to the 
man in the street and, above all, to nature students 
and to those who love the great outdoors. 


T. K. Johnston, 
Superintendent of Public Schools, 
McKees Rocks, Pa. 
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FOR THE BIOLOGIST 


Prepared Materials... 


Demonstration Jars, Specimens for Dissection, Prepared Microscope Slides, 
and Life Histories. 


Laboratory Equipment . . . 


Riker Mounts, Insect Pins, Microscopic Slides, Cover Glasses, Dissecting 
Instruments, Stains, Reagents, Glassware, Microscopes, and Opaque Pro- 
jectors. 
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These Gil’jars will make your laboratory more attractive and aid you in teaching biology. 
Gil’jars are of a uniform size. The specimens which may be removed for study purpose 
are mounted on transparent glass plates having ground edges. 


We offer a large variety from which can be assembled a phylogenitic series to meet 
your requirements. 

A Series of 12 Gil’jars may be had for 

A Series of 24 Gil’jars may be had for 

(10%, 


$10.00 
$18.00 


Discount Allowed During June, July and August.) 
Our New 1937 Catalogue on Biological Supplies Will be Available Soon. 
Name Be Added to Our Mailing List. 


W. J. GILMORE DRUG COMPANY 


PHYSICAL, CHEMICAL AND BIOLOGICAL EQUIPMENT 


Laboratory Apparatus Division 
122 Boulevard of the Allies 


Request Your 


Pittsburgh, Pa. 
YEARS SERVICE--1936 
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Supervised Study 
Continued from Page Fifty-two 


habit of trying to work efficiently by themselves, and 
they need practise as well as advice. 

The writer holds no brief for completely individual- 
ized instruction or for anything approaching it. It is 
a pure waste of teacher service to teach individually 
over and over again anything that can be taught to the 
class as a whole, or to any group within it. Purely in- 
dividualized methods only too often so completely elimi- 
nate the competitive spirit, the necessity for social ap- 
probation, and the feeling of pressure, that the students 
actually learns to loaf. The “recitation” half of any 
class meeting enables the instructor to develop new 
work economically with the entire group, to clear up 
common difficulties, to give group tests and group drills. 
That last word is used advisedly, despite the knowledge 
that it is anathema to some brethren devoted to the 
kind of teaching always printed with a capital and quo- 
tation marks and called “Progressive.” Too often these 
fail to remember that the “bright child retarded by 
keeping pace with the group” when put upon a purely 
individual schedule often forgets almost as easily as he 
learns, because he lacks repetition and review. He 
needs, as do the others, to hear, see, feel, and repeat— 
in short to be drilled for retention. After supervisory 
experience in a junior high school which for years has 
divided its time equally between supervised study and 
class work, the writer is firmly convinced that class 
work, plus directed study under the eye of the same 
teacher, combined with a little additional individual in- 
struction, will eliminate failure to a degree practically 
equal to that boasted by highly touted “Experimental” 
schools. 

For the best results with supervised study, the longer 
period is recommended. We limit our students to four 
major subjects, plus clubs and extracurricular activi- 
ties, and use 90-minute periods, one-half recitation, the 
other study, in eighth and ninth grades. The seventh 
graders use hour periods, similarly divided, but there 
is no valid reason why any teacher who wishes to use 
directed study cannot carry on using 45-minute periods. 
Under such conditions she will probably give five to ten 
minutes to testing, fifteen to twenty minutes to ad- 
vance teaching, and the rest to independent study; or 
she may use one day to develop, demonstrate, and help 
with the text; the next for study and oral check-up; 
the following one for written fact test and developing 
advance work; the next for oral check and study, and 
Friday for review, drill, and summarizing tests. It 
matters not a whit that she is the only person in her 
school using the method, nor hers the only grade. It 
may be used in science without disturbing the English 
classrooms, or in English without interfering with the 
science instructor. The fact that her students have 
had no previous preparation in study methods is one of 
the strongest arguments for its introduction. Even if 
her successor does not see fit to continue these methods, 
her students when they enter that next class will be 


far better able to help themselves than they were before 
they had this training. All that the interested teacher 
has to do is to shift the emphasis from her testing of 
the students to her teaching and their learning. 

The final level, attainable only by the superior stu- 
dents in these grades, is the ability of the students to 
make an outline or summary or précis for himself. We 
say to him, “Read the paragraph. Now write down 
for yourself only the important key words that will aid 
you in remembering.” Suppose we go back to the 
siphon. These will be U-shape; different length arms; 
flow toward longer arm; caused by difference in weight 
of columns and pressure on surface of one container; 
34’ limit, ete. Instead of writing questions he puts 
down key facts, and then studies his notes. He must 
have emphasized to him again and again the difference 
between “read,” to get the general idea, and “study,” 
which means “master to retain.” One thing the in- 
structor stresses again and again with individuals who 
are inclined to loaf: “You are building habits. Build 
good ones or you will be sorry, very sorry, all your 
life.” The class is advised: “Begin studying at once; 
concentrate; don’t look up at every little interruption; 
put your hands over your ears if you feel that this is 
necessary.” At the same time the skilful instructor 
will be careful to remove as many causes of distraction 
as possible. 

In schools where heterogeneous grouping is the plan, 
this last study level will be reached only by a small 
group of superior students in each class, who may be 
able to work independently. These are the people who 
will get most of the “Read and report” assignments, 
while the rest of the pupils are studying on level one 
or two. When homogeneous grouping is used, prac- 
tically all of the “rapid progress” group, and a portion 
of the “average progress” section will reach this level. 
In junior high school at least, the “slow progress” 
groups will practically always need daily help in study- 
ing the assignment with outlines, though they also 
must be trained early in the term to “write down the 
hardest answers and study them longer.” The reader 
is asked to note particularly that in all supervised study 
what the instructor is doing is calling the pupils’ atten- 
tion to the new things which they do not know, and 
helping them to see what they are to study. Supervised 
study is not cramming the student, nor preparing him 
for examination. It is helping him to work by himself, 
and to form his own conclusions about what he reads. 

Many excellent teachers may feel with some justice 
that in these articles undue emphasis has been placed 
on the use of text. There are two reasons for this 
emphasis: 

(1) While demonstration and experiment are vitally 
necessary, the technique of handling them seems to be 
better understood by the average science teacher than 
the procedure in training to study. 

(2) When these students leave our classes, prac- 
tically all of their adult education will be carried on 
through their own reading. They must learn to use 
texts and reference material in school or not at all. The 
technique of training in the use of reference material 
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is too large a question to be taken up here. In the 
average class most of the use of this supplementary 
material will be done by the higher mentality groups, 
hut all groups should master at least one text. When 
they have finished the course, the progress they have 
made in and through that text is a visible proof, both to 
them and to their parents, that they actually have ac- 
complished something. 

To a very great degree, supervised study does away 
with that old bugbear, “Unprepared.” The time to 
study is given, and if it is not properly used, the 
teacher in charge has only herself to blame. “The 
teacher has not taught until the students have learned.” 
If his assignments are too long, the instructor will soon 
find it out. Many a teacher who has never supervised 
his own study periods will be surprised—and shocked 
to see how vainly children struggle, and how long a 
time some of them have to devote to an apparently 
“easy lesson.” It is no wonder that many of them give 
up in disgust, the only wonder is that more do not. The 
instructor who supervises his own study periods will 
soon cut the length of assignments, and also the daily 
amount of written work required. The writer feels 


personally that no written work except that done vol- 


mtarily by the student in making his own study notes 
should be assigned for out-of-class work. Are you as- 
signing written work for teaching purposes or for test- 
ing? If it is designed to test the student, it is a temp- 
tation to cheat. Testing should be done in the classroom 
under the teacher's own eye. If it is designed just to 
keep him busy, and to prove that he really worked, 
there are many more useful and successful devices for 
filling his time. Jf he KNOWS that he will be tested, 
he will work. If the written work is assigned for teach- 
ing purposes, then the student should be the judge of 
what and how much he needs to write down, and it is 
pure waste of time to check his rough notes, except as 
it is done casually in the study period. 

Where is the teacher during the independent study 
period, and what is he doing? He is not at the desk, 
marking lesson papers, nor putting standings into a 
class book. Supervising study is not merely policing 
a study hall, but for the last ten minutes of the study 
period, when there is the greatest danger that time will 
be wasted, that teacher should be on his feet. The girl 
working so diligently over in the corner is apt to be 
writing something beginning “Dear Jim.” That in- 
dustrious boy may be formulating his answer instead 
of doing a theme, though the chances are more in favor 
of his drawing cartoons—but not if the teacher is mov- 
ing quietly about the room, asking a timely question 
here, making a constructive suggestion there, checking 
headlines, margins, spelling, neatness of formal writ- 
ten reports, in short, preventing failure. The student 
to whom the study hall teacher says at the end of a 
period, “Copy that paper; your headlines and margin 
are wrong,” has a perfect right to be angry. Those 
errors should have been noted, and that copying or- 
dered, before that paper was scarcely more than begun. 

“My students don’t study, they don’t know how to 
use a book”——‘They have no ability to distinguish be- 
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tween major and minor items in a paragraph”—‘“I gave 
them an outline but they couldn’t use it’—‘It just 
seems as if I couldn’t stand it any longer.” You have 
heard it dozens of times in the Teachers’ Room. So 
have I, but my completely unsympathetic rejoinder is, 
“Of course they can’t—but it’s because you haven't 
trained them! It’s our job to take these children as 
they are, and make them into what we think they 
ought to be. Our job isn’t standing them— it’s changing 
them. Let’s get busy! 


Safetv in the Laboratory 
Continued from Page Thirty-sic 


In order to exercise a proper degree of vigilance, the 
teacher must have a knowledge of his subject. He must 
know how to eliminate the hazards involved in its 
practice. The writer has heard of an instance where 
the instructor, although knowing that chlorates are ex- 
plosive when mixed with sulfur or other reducing 
agents, handed out a sample of potassium chlorate for 
some simple tests designed to show something about its 
composition. One of the tests required the use of sul- 
furic acid and the explosion which followed not only 
showed something about the composition of potassium 
chlorate but also demonstrated quite effectively how 
it behaved when acted upon by certain mineral acids. 
The moral is that a little knowledge may go a long way 
but sometimes not far enough. 

Many high school teachers are required to teach 
chemistry when they are inadequately prepared for the 
subject. It is surprising how well they accomplish their 
task and institutions of higher education are discover- 
ing that high school training is not to be disregarded 
in evaluating a student’s ability for further work. 
Teachers who are not primarily prepared for chemistry 
can make their laboratories safe by carefully studying 
their experiments from the standpoint of safety. 

An instructor in chemistry should always remember 
that safety is preferable to first aid. “An ounce of 
prevention is worth a pound of cure.” 


A 
Science 
Project 


An inclined plane constructed by Robert Madden, 
Ursuline High School, Youngstown, Ohio. 
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The Science Demonstration 
Continued from Page Forty-one 


the confidence of the class in subject and teacher. There 
is no surer way of losing this confidence than to explain 
that the experiment should have given a different result 
from the one obtained. 

An important means of holding sustained attention 
and insuring comprehension is to tell the class what 
you are doing at every step. If we recall how often in 
our own study “It is evident” has been an author’s 
shorthand for a long stretch of reasoning or calcula- 
tion, we will not inflict this or similar phrases on our 
immature and suffering students. The opposite failing 
is explaining beforehand just what is to happen. Prop- 
erly used suspense is quite as valuable as in a play or 
story. An inductive approach by careful questions, 
leading the class to develop one or more hypotheses and 
then using the experiment to test the hypotheses, is so 
important and familiar a tool of scientific method that 
it seems almost superfluous to mention it. 

Professor W. S. Franklin was one of the great teach- 


ers and demonstrators of the immediate past. His book, 
“A Calendar of Leading Experiments,” is one of the 
few real contributions to the literature of the demon- 
stration. Its great virtue is that it stresses not what 
to do, but what to say as you do it. Tyndall’s “Heat 
as a Mode of Motion,” “Sound,” and “Forms of Water” 
should be on the shelves and again and again in the 
hands of every science teacher. Not only are many of 
the experiments unrivalled, but the clarity and forceful- 
ness of the presentation account for the throngs which 
crowded his lectures. There is no better model for the 
coordination of hand and tongue. 


If it seems that the apparatus on the table and the 
teacher behind it have had too much space in this pres- 
entation, it is because the author assumes that his read- 
ers are not like a visitor he once had who was a student 
(?) in an institution for teacher training. When I ex- 
plained to him something of our demonstration meth- 
ods, he brightly said: “Ah, the inductive method!” 
When I assured him that we were not so much con- 
cerned with the method as with teaching the pupil, he 
remarked, “Oh, to teach the pupil, that is a new idea.” 


If your laboratory classrooms are not used every 
period of the day, your school needs new space- 
saving laboratory furniture. With the modern 
Kewaunee furniture, laboratory classrooms are 
made available for use every period of the day. 
More students are accommodated at a time and 


every cass is easy for the teacher to handle. 


Laboratory Furniture 


is pedagogiecal'y correct in every detail. It pro- 
motes greater efficiency in class management It 
encourages better work by the students and it is 


so sturdily built that it lasts for many years. 


Consult Kewaunee before ordering new furni- 
ture for your school laboratory, domestic science 
rooms, art departments, manual training shops 


or library. Investigate the advantages that 


Co: 


LABORATORY FURNITURE EXPERTS 


Kewaunee offers. 


Cc. G. Campbell, President and Gen'l Manager 
274 Lincoln St., Kewaunee, Wis. { 
Eastern Branch: 220 E. 42nd St., New York, N. Y. 
Mid-West Office: 1614 Monroe St., Evanston, Ill. 


Space Saving Furniture that Will Solve 
Your Crowded Classroom Problem... 


Ever-Hold Steel 
518-24 
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It is not to any of us a new idea, it is the idea. Every 
move and every word of the demonstrator must be 
motivated and conditioned by the constant thought of 
those on the other side of the table. If this is our 
frame of mind, we will not make our demonstrations 
Lectures. I have already referred to stirring the class 
with inductive questions. This is only the first part of 
the story. If a demonstration does not evoke questions 
from the class, it is a failure. While the question of 
time enters here, as it does, alas, in all our teaching 
procedures, the real test of our success as science teach- 
ers lies in stimulation to student activity. It is this 
participation that leads to assimilation and growth as 
distinguished from the lethargy resulting from forcible 
feeding. 

In this connection the question arises as to when and 
how much the students should participate in handling 
apparatus. The somewhat wide differences of opinion 
on this problem arise, I think, from considerable differ- 
ences of conditions. It would seem to follow from what 
has been said in regard to preparation and familiarity 
with the apparatus used, that pupils should assist in 
operations which are simple in themselves, and not 
likely to disturb or injure the apparatus. An example 
is the reading of scales, which may not be visible to 
those in the back seats. Another is tabulating results 
in simple quantitative experiments. The reactions of a 
boy who picks a nail which has just been hammered, or 
runs his finger up the side of a beaker of cold water 


THE SCIENCE COUNSELOR 


which has an electric heating coil immersed near th: 
upper surface, make a lasting impression on both bo) 
and class. 

The smaller the class, and the fewer classes there 
are in the subject, the greater the amount of student 
participation in the experiments which may be profit- 
ably used. This is one place where the small school has 
a greater advantage, and is a compensation for the 
difficulties of the teacher who occupies a settee of sci 
ences instead of a chair in science. In a large city high 
school, where section succeeds section in the demonstra- 
tion room throughout the session, there is a limiting 
condition in the fact that the rights of the classes to 
follow must be safeguarded. While it is always im- 
perative that casual handling of carefully prepared ap 
paratus must be prevented, with a succession of classes 
authorized student aid should not imperil the usefulness 
of the apparatus in the periods to follow. In a word, 
student participation in demonstrations should be as 
extensive as circumstances permit. The real places to 
train students in experimenting are in the laboratory, 
the project room and the science club. 

After the experiment, what? First, a brief, syste- 
matic report in a notebook, with a simple, labeled line 
drawing, and a discussion or conclusion directed by 
pointed questions. This should be written after, not 
during, the demonstration; otherwise attention is di- 
vided during the experiments. To this end, a mimeo- 
graphed or printed guide is a help, but too great for- 


Answers the Burning 


Problem of Gases 


The Pittsburgh-Universal Burner with its accurately 
centered needle valve, and packing gland, is now obtain- 
able with a Fisher Flame Retainer (Patent applied for). 
This retainer forms six small pilot jets which prevent the 
flame from blowing out, thus making the burner more 
efficient when used with natural gas. The Pittsburgh- 
Universal Burner, without the Flame Retainer, is for use 
on artificial gas. 

The low price of this Pittsburgh burner, with its fea- 
tures, materials and precision workmanship, is possible 
because it is made in our own shops in large quantities, 
by means of special dies, tools, and automatic machines. 


The Forbes Bunsen Burner, popuiar in educationa! 
laboratories, can also be supplied with or without the 
new Fisher Retainer. 


All these burners are made of non-rusting metals 
No. 3-962. Pittsburgh-Universal 


Burner for natural gases. 
Each, $1.25 


Manufactured by 


FISHER SCIENTIFIC COMPANY 


PirrsburGH, Pa. 


No. 3-960. Pittsburgh-Universal 
Burner for artificial gas. 


Each, $1.00 711 Forbes STREET 
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mality or regimentation should be avoided. The note 
book is a means for scientific growth, not an end. Sec- 
ond, class discussion of the experiments should involve 
not merely oral or board reproduction of the reports, 
but real training in scientific method, during which the 
experiment finds its proper place in leading to general- 
izations, or more often, in interpreting them. 


The way of the demonstrator may be hard sometimes, 
but he reaps an ample reward if his pupils find science 
a living, growing subject, interpreting and enriching 
their lives, instead of a dry catalog of obscurely stated 
and imperfectly understood laws, or an exercise ground 
for mathematics. 


Edueation as a Science 
Continued from Page Forty-nine 


more natural “discipline” based rather on interest than 
on penalties and coercion; the adaptation of the curric- 
ulum to the capacities of pupils; the best branches for 
developing abilities; differences between capacities of 
boys and girls; the training of the moral faculty 
through motives, ideals, codes and exercise; the pre- 
vention of mistakes by providing exploratory courses 
where the pupil may try out his abilities without undue 
loss of time and credit; an increasing amount of tech- 


nical and industrial training with a resultant abandon- 
ment of many cultural subjects as mandatory. The 
Science of Education has produced both subjective and 
objective efficiency in the class-room through the so- 
called “new-type” testing. You are familiar with the 
Standardized, the Survey, the Prognostic, the Diagnos- 
tic, the Binet-Simon, Army Scale, Alpha, Beta; Na- 
tional Intelligence tests, Haggerty tests, Yerkes, Thorn- 
dike, Terman, and Otis tests; the Ayres scale for hand- 
writing and so on. The study of educational statistics 
and measurements presents complex but very useful in- 
formation for scientific teaching. 


In a practical sense, the scientific study of educa- 
tion during the past century has resulted in highly or- 
ganized State School systems and a decided improve- 
ment of normal school professional training in colleges 
and universities. Our school buildings conform to the 
latest scientific specifications and are conducted under 
business methods and management comparable to the 
most efficient industrial organizations as to finance and 
personnel. Due to methodical procedure and scientific 
intensification, the character of the teaching profession 
has been greatly improved, and more intelligent consid- 
eration has been given by the public to the problems of 
local school organization, supervision, textbooks, meth- 
ods, the competency of teachers and to the broader sub- 
ject of education as a matter of public policy: As wit- 
ness the various school plans as community experiments 
that have been adopted in the past two decades, with 
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A Complete Chemistry Program 


NEW WORLD 
OF CHEMISTRY 


BERNARD JAFFE 


Written by the author of “Crucibles” and “Outposts of 
Science” this new text makes clear to the student that 
chemistry is a living and growing science by showing 
how discoveries lead to further research and thus to 
other discoveries. 


Reviewing this text in The Science Counselor, William 
H. Neely (Fifth Avenue High School, Pittsburgh, Pa.) 
said: “When he was examining this textbook a chemis- 
try teacher of long and varied experience said to me, 
‘If I had owned a book like this when I was a student 
in high school, it would have been priceless!" That 
statement gives an idea of the kind of inspiring and 
instructive textbook that Mr. Jatfe has_ written. 
Throughout the abundant factual matter of the book 
he has woven stimulating material relating to the 
achievements of scientists ... an excellent text. Pupils 
will like it: so will teachers.” 


LABORATORY AND 
WORKBOOK UNITS 
IN CHEMISTRY 


Maurice U. Ames and Bernard Jaffe 


Published both in Consumable and Non-consumable 
Editions. A Key is Available. 


TESTBOOK 
IN CHEMISTRY 


Ames and Jaffe 


A complete testing program for the chemistry class. 
A Key Available. (Ready summer 1936) 


Wall Chart: Man’s Progress in the Understand- 
ing of Matter. (Complimentary) 


Wall Map: A Chemical Products Map of the 
United States. (Complimentary) 


Silver Burdett Company 
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THRE SCIENCE 


varying degrees of success; The Dalton, the Winetka, 
the Curtis and the Morrison Plans. 

Not the least important phase of this general will to 
organized progressivism is the influence exerted by the 
Government Commissioner through the Bureau of Edu- 
‘ation at Washington. Through the facilities of this 
coordinating agency, the efficient methods of class-room 
management successfully applied in any part of the 
country are made available to all teachers by means of 
the publications issued by the Government Printing Of- 
fice. I recommend the use of this scientific medium for 
the most forward-looking developments in education 
and teaching. 

As teachers you are no doubt familiar with the bul- 
letins, charts, graphs, tests and visual aids which many 
independent publishers and supply houses furnish upon 
request. 

Education as a Science has grown into the national 
consciousness through State and National Education 
Associations and the erudite studies emanating from 
their conventions. Exchange of ideas and discussion of 
methods are healthy signs of systematic interest in the 
furtherance of child welfare and school management. 
As a corollary of associated activity, we have learned 
the utility of the moving picture, the radio, cooperative 
shop enterprise, project construction, and junior socio- 
logical and scientific magazines in guiding youth to a 
more Wholesome interpretation of life and happiness. 

I have discussed but superficially the immeasurabk 
possibilities and results of science and the scientific 
principle in education. Our contention is, therefore, 
that education viewed scientifically has a profound ef- 
fect on educational progress, and that no teacher can 
claim title to progressivism unless she familiarizes her- 
self with the systems, methods, devices and aids which 
are the gifts of Science. 


The Preserving of Food 
Continued from Page Forty-seven 


ever known. It was he who stimulated this method of 
preservation by offering a prize to anyone discovering a 
practical and satisfactory process for preserving foods. 
The prize was awarded to Nicholas Appert in 1809 for 
his method whereby food was heated and enclosed in a 
glass bottle and heated again. This is one of the first 
experiments with the heating process. Following Appert 
we find Gay-Lussac and Louis Pasteur, both French- 
men, giving us still more practical means of preserv- 
ing foods. 

When food is heated, most of the injurious micro- 
érganisms are destroyed; spores and some vegetative 
forms of bacteria remain, but these produce no ill ef- 
fects. Some foods which are to be stored for a short 
while are preserved more successfully if cooked; while 
others are more satisfactory if left raw. Meats which 
are to be kept over a few days should be cooked. Heat 
coagulates the meat fibers and makes them less suscept 
ible to bacterial action. Vegetables which are to be 


| 
| 

| 
: | 
ge 

& 

|_| 

| 
| 

Gis | 
New York 

¢ 


kept should be left raw, since heating breaks down the 
cellulose, giving bacteria easy access. 

In cooking foods, one should be careful to do the least 
possible harm to vitamins. For example, vitamin A is 
not destroyed by ordinary cooking, but prolonged cook- 
ing destroys it; vitamin B is easily destroyed by heat- 
ing; vitamin C is destroyed if heated in the presence of 
oxygen; vitamin E is rather stable so far as heating is 
concerned, and vitamin G is very stable. Thus we see 
that a knowledge of how to cook foods for preservation 
is essential. 

Heating, as we have seen, sometimes destroys vita- 
mins. Such destruction detracts from the nutritive 
value of the food. On the other hand, bacteria are, as 
a rule, almost completely destroyed by heating, where- 
as, in refrigeration, their action is merely retarded. 

Both of these methods appear to have reached perfec- 
tion and will remain for centuries as monuments to the 
men who made it their life work to give humanity an 
efficient means of preserving food. 

Although it is evident that both heating and refrig- 
eration are effective in the preservation of foods, re- 
frigeration is the more common method because it is by 
far the more practical. 
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Science at High School Level 
Continued from Page Forty-six 


has as its main purpose the development in the mind 
of the pupil of an important concept of science or the 
understanding of some important principle or group 
of principles. Each unit is introduced to the class 
through a discussion that is intended to make clear the 
nature and extent of the material to be studied, its im- 
portance, and its connection with previous work. Then, 
each pupil is “put on his own,” and there follows a 
period of study during which books in both the class- 
room and the general school library are consulted, 
demonstration and individual experiments are per- 
formed, problems are solved, excursions and field trips 
are made. Most important of all, during this period 
of exploration, through further discussions and super- 
vised study, the individual difficulties of each pupil are 
given close and careful attention. On occasions of 
school inspection one frequently hears the criticism 
that the teacher lectures too much and that the process 
of bringing out the latent possibilities of the individual 
pupil is not being carried out. It seems this method 
of “putting each student on his own” will help con- 
siderably in overcoming the fault of “lecturing too 
much.” When sufficient time (it will vary somewhat 
with the individual classes and pupils) has been given 
to the period of exploration, appropriate tests may be 
given to determine when the pupils have attained a 
satisfactory understanding of the material. Other 
activities designed to aid the pupils in organizing and 
expressing their newly acquired knowledge will then 
be in order. Special interests may be taken into ac- 
count through voluntary undertakings and through the 
activities of a science club.° 


All of the science courses should be so arranged as 
to carry full units of credit; i.e., three hours of lecture 
(as it is ordinarily called) per week and two two-hour 
periods of laboratory per week for 36-38 weeks. Many 
of the experiments in Science I could be given very 
well by demonstration. 

In offering these units of the various science courses 
it is well understood that the matter of curriculum- 
making should not be carried out by one person in a 
short time. On the contrary, such a study should be 
directed by the concerted efforts of a committee over a 
long period of time (at least several years). With this 
in mind these units are suggested merely as a begin- 
ning; and it is hoped that, as the various units are 
taught, newer and better ideas will come to light. 
Time and space are not available to develop fully each 
of the given units—to analyze each into its four or 
five elements, to prepare guide sheets, outlines of pre- 
sentation, and tests. To do this properly requires 
fifteen to twenty hours for each unit. 

The author does not wish to impose on a group of 
teachers any single system of presenting science topics 
and principles in preference to others; but merely, to 
state that in his experience the unit of understanding 
(with modifications to make adjustments for existing 
conditions in administration, in the laboratory, in the 
library, and in the actual arrangement of the class 
rooms) has been more efficient (even in college classes) 
than others he has tried. The point is: some system 
that takes into account the individual difficulties of the 
pupils is better than a system that neglects this very 
important educational factor. 

SCIENCE I. 

(1) How the Earth Came to Be as It is Today —Geology and Meteor- 
ology. 

2} Matter—Classification of Material Substances. Survey—very 
elementary in nature—of modern concepts of matter. 

(3) Chemical Transformations of Matter—-Nature and Control of 
Fire. Fuel values and newer types of fuel. 

(4) Transformations of Matter (Physical)——Condensation and Evap- 
oration of Water. Refrigeration. 

(5) Energy (Work)—Harnessing Nature to Do Man’s Work. Elec- 
tricity and Its Uses in Modern Life—Communication and 
Transportation. 

(6) Water Supply of Modern Cities and Homes. Sewage Disposal. 

(7) The Work of the Body. 

(8) Man and Microbes. 

SCIENCE Il. 

(1) The Obtaining of Food Necessary for Physical Life of Plants 
and Animals. 

(2) Use of Food Necessary for Plants and Animals. 

(3) Growth of Plants and Animals. 

(4) Reproduction (Lower Phyla). 

(5) How Do Plants and Animals Live Together? 

(8) Behavior of Living Things. 

(6) Classification of Plants and Animals. " : 
Evolution. 

(7) Distribution of Plants and Animals. 

Optional units may be given on: Heredity, Adaptation, Eu- 

genics, Conservation of Life, Evolution. 
SCIENCE IIL. 

(1) Measurements of the Properties of Matter. This will include 
density, pressure, weight, etce., and introduce the metric sys- 
tem. The Molecular Constitution of Matter. 

(2) Heat and Temperature. 

(3) Mechanies of Fluids (Liquids and Gases). 

(4) Mechanics of Solids. 

(5) Statice and Current Electricity. 

(6) Magnetism and Electro-magnetism. 

(7) Light. 

(8) Sound. 
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SCIENCE IV. 
The Periodic System 
Chemical Change and the Atomic Constitution of Matter. 
Reaction Velocity ; Reversible Reactions ; Chemical Equilibrium. 
The Theory of Solutions lonization 
Oxidation Reduction in Terms of the Electron Theory 
Identification of Chemical Substances including inorganic 
chemistry of the metals 
Carbon and Some Carbon Compounds including some aspects 
of modern biological chemistry; e.., vitamins, enzymes, 
hormones, ete 
(8) Some Commercial Applications of Chemistry The Frasch 
Method; Haber Process ; Birkland-Fyde Process; Fixation of 
Nitrogen; Deacon Process; Solvay and Le Blane Processes ; 
Contact and Lead Chamber Processes for Manufacture of 
Sulphurie Acid Some Electrolytic Processes. 


Science Teacher 

As a rule the schools and colleges that offer courses 
for the training of teachers of science focus the at- 
tention of the pupils upon some particular field of 
science, such as chemistry or biology. Teachers them- 
selves, when asked if they are science teachers, usually 
reply: “I am the chemistry teacher,” or “I am the bi- 
ology teacher.” Rarely in high school circles does one 
meet the teacher who can say: “I am the science 
teacher.” 
school of one hundred pupils), there is need of the 


Yet, particularly in the small school (the 


teacher who is equipped to handle any one of the bio- 
logical or physical sciences at the high-school level. 
And this is really not asking too much of one teacher. 

Michigan State Normal College at Ypsilanti, Mich., 
recognizing the need for teachers so trained, was one 
of the first educational schools to offer a course for 
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the training of high-school science teachers.” A sug- 

gested curriculum offered in the fall of 1933 at Ypsi- 

lanti, contained the following minimum requirements 

in science: 
Subject ‘Term Hr 

General Chemistry 

Qualitative Analysis 

Organic Chemistry 

Botany 

Zoology 

Physiology 

Geology 

College Physics 

Astronomy 

Teacher Training in Science 


Of course, other subjects go to make up the complete 
course for the training of the science teacher. 

Many of the high schools conducted under Catholic 
auspices have an average enrollment of two hundred 
or less; and, therefore, cannot afford to have on the 
faculty more than one or two science teachers. Further- 
more, in addition to their training in science, teachers 
who are members of religious orders, must receive 
training in subjects required by the Studium in pre- 
paration for the priesthood, brotherhood, or sister- 
hood. In the event that science be offered in each of 
the four years of the high school and only one science 
class be necessary in each year, some thirty hours of 
science should be taught each week. This is more than 
the average load of one teacher; and, a second teacher, 
who could also carry most of the mathematics taught, 
would be required. 
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It is desirable that those preparing to teach science 
in the high schools obtain a B.S. degree. Then, after 
teaching for 2-3 years in high school with a B.S. degree, 
it would be well were they permitted to obtain at least 
a Master’s degree in one of the special fields of science 
at a first-rate college or university. Perhaps the best 
reason for the 2-3 years of teaching experience is that 
present needs are to be satisfied and no time should be 
wasted in filling the present high school positions. 
Moreover, after a few years of actual teaching exper- 
ience, one should grasp more readily the subject mat- 
ter at hand and understand more thoroughly the meth- 
ods of study. 


By reason of the requirements of the Studium and of 
the different institutions of learning for a B.S. degree, 
it is a difficult matter to state definitely just what 
should be demanded of the student in the way of under- 
graduate training in the preparation for the priesthood, 
brotherhood, or sisterhood and for high-school science 
teaching. E. R. Downing has listed the requirements 
for teaching science in the several states, and these 
should not be overlooked in preparing students to teach 
science. Then, again, it is desirable that our high- 
school teachers have as liberal an education as pos- 
sible and, in planning a science-teacher-training course, 
one should overcome the tendency to favor the science 
subjects more than the humanities. If time were 
available, the solution of the problem seems to be the 
offering of a B.A.—B.S. course, the requirements of 
which can hardly be fulfilled in any less than five years 
(excluding summer sessions). In order that a begin- 
ning may be made, the following suggestions as to 
minimum requirements are offered. 


Subject Semester Hrs. 
Principles of Religion ‘including socio-religious 
problems and life problems) 16 
English 12— 20 
Latin 12— 20 
German (or French) s- 20 
Philosophy and Social Sciences 12— 15 
Education and Educational Psychology (including 
methods) 1s 
Botany { 
Zoology { 
Physiology 1 
Bacteriology 4 
General Chemistry s 
Qualitative Analysis 4 
Quantitative Analysis 1 
Organic Chemistry 4 
College Physics 12— 15 
Mathematics (including Algebra, Trigonometry, 
Analytic Geometry, Calculus) 12— 20 
Elective (according to local requirements) 10 
Total 148 199 


Other Aids 


In all probability the best list of representative books 
for the high-school science library is the one compiled 
under the direction of H. A. Webb and reprinted from 
the Peabody Journal of Education, Nashville, Tenn. 


Under the heading of “other aids” for the improve- 
ment of science instruction, one should not omit to 
name certain current periodicals in the field of science 
and to indicate their usefulness. 


A McGraw-Hill Text 


Just published 
Fletcher, 
Mosbacher 
and Lehman’s 


UNIFIED PHYSICS: 
Matter in Motion 


A Textbook for Secondary Schools 
$1.80 


Physics treated as one science instead of 
five: the science of matter in motion. New 
in approach, new in teaching helps, pre- 
senting all material in a way that high 
school pupils can understand. 


Write for further information 


McGraw-Hill Book Company, Inc. 


330 West Forty-second Street, New York, N. Y. 


| VOLAND No. 1006-F ANALITICAL 
BALANCE 


Popular, Sensitive and Accurate 
— 


toy Made in U. S. A. by 


VOLAND & SONS, Inc. 
NEW ROCHELLE, N. Y., U.S. A. 


Send for copy of our Gomplete Catalog K 
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SCIENCE COUNSELOR 


Journal Usefulness 


National Geographic Magazine Of General Benefit 
Nature Magazine General Science and Biology 
. » yy School Science and Mathematics General Science and Physics 
BIOLOGIE AL MATERIAL Journal of Chemical Education Chemistry and Teaching Methods 

a » stitutions n scientific 
ere Science Counselor Methods and General Information 


laboratories throughout the country look to Ward's TI fo 
Are are AVvICeS _¢ "Ses 
Natural Science Establishment for natural science rere are Many devices for ¢ c gz € es in 


specimens, supplies and equipment, prepared and 

designed to keep apace of the most modern de- projects, essays and science clubs’. 

velopments of the sciences. It will be well to give, also, a number of important 

references for the teacher of high-school science. In 

READ WARDS NATURAL Downing’s book" (pp. 39-48) are given the principles 

SCIENCE BULLETIN of biology, physics, and chemistry. And, for one inter- 
A periodic publication, devoted to discussion of ested in research studies relating to the teaching of 
teaching problems in Biology, instructions for the science, reference to Science Education": will be of 


science such as movies, slides, models, charts, exhibits, 


preparation of Biological material, professional vreat assistance. 
outlets in Biology, book reviews, announcements REFERENCES 
of new material, ete Sent on request to science 1. Webt 


teachers. 


SEND FOR CATALOGS 


BIOLOGICAL MATERIAL: 128 pages, living 
material, preserved specimens, material for ex- 
hibition and demonstration, skeletons, bird skins, 
mammal skins, models, fossils, human skeletons 
and models, anthropological material. MICRO- 

SCOPE SLIDES: 176 

pages listing prepared 


A R D’ S — 
NATURAL SCIENCE 
ESTABLISHMENT inc 


The Frank 1.4 ard Foundationof Natural 282 HORTH GOODMAN STREET 


Science of the Laiversity of Rochester 


This universal current source delivers low volt- 
age D. C. and low voltage A. C. at the same 
time, with both types of current under rheostat 
control. 


Designed for use on 60-cycle, 110 


It Takes the Place and Saves the Cost Bog 


Delivers up to 6 volts D.C.; up to 


of dry cells, wet cells and storage batteries; it replaces separate 11 volts A.C. Nominal current rat- 


ing: 3 amperes. 


transformers and rheostats. Such accessories can now be elimi- 
nated from the collection of apparatus formerly necessary for low wall or table top use. 


Equipped with rheostat contro! 


voltage experiments. The dependable Sub-Station, which can knob, marked binding posts, re- 


placeable fuse, and five-foot cord 


also be used for charging storage batteries, is an ever-ready with unbreakable plug. 
source of controllable current. No. 63626 $12.00 


CamboscO Scientific Co., Waverley, Mass 
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